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ABSTRACT 
The natural vegetation of the Robertson Karoo contains many taxa 
and vegetation communities worthy of conservation. This thesis 
is concerned with aiding the future conservation of natural 
vegetation of the Robertson Karoo by assessing the threats to 
its survival and identifying priority conservation areas. 
The history of the Robertson Karoo environment from 20 000 years 
BP was assessed, whi 1 e the changes over the last 50 years were 
evaluated in more depth. Trends in the land use patterns were 
assessed by choosin~ seven representative areas as ''case 
studies". The land uses of these areas were mapped from 1942 to ... 
1987 using aerial photographs. General patterns of vegetation 
chang~ for the whole area were calculated from 1:50 000 maps 
from the year 1960 to 1987. Results show that the natural 
vegetatiOf+.t predominantly Karroid Broken Veld, has been reduced 
on average by O. 7% of the tota 1 study area per annum. By 1987, 
3'4% of the natural vegetation had been cleared, primarily as a 
result of agricultural expansion. 
Although results suggest that large scale agricultural expansion 
is unlikely in the near future, agricultural development sti 11 
represents the greatest threat to the future we 11-bei ng of the 
natural vegetation of the Robertson Karoo. Urbanization and 
mining were also found to be significant, albeit minimal, 
threats to the remnant vegetation. A 1 ien infestations are on 1 y 
severe along the Breede River and 1n the vicinity of Brandvlei 
Dam. 
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Agricultural threat indices (probability of clearance for 
agriculture) were derived for the whole region through 
quantitative assessment of critical agricultural criteria, viz 
soil quality, slope gradient and precipitation. Thes~ indices 
were found to correlate with previous clearance of vegetation 
for agriculture. They are, therefore, of value for predicting 
future vegetation clearance. It was also found that the greater 
the distance from a river, the primary source of irrigation 
water, the less the likelihood of future agricultural 
development. 
Many rare and/or threatened habitats, especially the 
transitional zones and the river gravels, are not conserved. 
Just over a 1/6th of the 61 threatened plant taxa occurring in 
the Robertson Karoo are conserved within existing reserves. It 
appears that the conservation of homogeneous stands of Broken 
Karroid Veld and the conservation of large mammals have been 
overemphasized, ignoring the localized habitats containing rare 
and/or threatened plant taxa. Priority conservation areas were 
ident',jf.1ed using two equally weighted criteria: a) number of the 
~~ • < 
threat~ned taxa occurring in the area and b) the degree of 
human threat. It is of vital importance to conserve at least a 
proportion of these priority areas in a network of reserves 
ranging from 0.05km2 to 5km2. An important conservation strategy 
in this region is persuading decision-makers, primarily private 
landowners, to conserve the natural vegetation. 
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·The World Conservation Strategy (IUCN 1980, Chapter 1) defined 
conservation as the "management of human use of the biosphere so 
that it may yield the greatest sustainable benefit to present 
generations, while maintaining the potential to meet the needs 
and aspirations of future generations". This definition includes 
protection, preservation, restoration, enhancement and 
susta i nab 1 e use of ecosystems as we 11 as the provision of a 
fit habitat for humanity. However, for the purposes of this 
thesis, the term "conservation" is used simply to describe 
policies and programmes necessary for the long-term retention 
of natural communities under conditions which provide the 
potential for continuing evolution. 
1 • 1 WHY CONSERVE? 
The philosophy and rationale for the conservation of natural 
ecosystems is complex and has been a subject of considerable 
debate. The following points outline the values (all 
anthropocentric) of natural ecosystems which justify their 
conservation: 
a) Recreational and aesthetic values 
Natura 1 ecosystems have an inherent "beauty" worthy of retention 
for the benefit of present and future generations of human 
beings. Extremists contend that the opportunity to enjoy nature, 
at least on occasion; is a prerequisite for sound mental and 
physical health (Iltis et al. 1970). In addition, a large 
proportion of natural communities are economically viable 
because they a re a basis for many rec reat 1 ona l and tau r i st 
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activities. 
b) Religious values 
Judaeo-Christian religions emphasize the morality concerned with 
the sanctity of natural ecosystems, whereas certain Eastern 
religions stress the divine rights of "non-human beings". Humans 
may either be seen as the responsible "custodians" of "lesser 
species/organisms", or as equals, where it is of vital 
importance for co-created biota to have a continued and and 
harmonious co-existence with humankind (McDowell 1988). 
c) Cultural values 
Natural communities form part of the historical environment 
which is closely tied with the development of civilization. 
Hence natural communities form part of humankind's cultural 
heritage and therefore should be preserved (McDowell 1988). 
d) Undiscovered or undeveloped values 
Ecosystems are viewed as representing potent i a 1 sources of 
medicine, food and building materials etc. As such they 
represent an important untapped resource which may be vital for 
the survival of humankind (Ehrenfeld 1976). 
e) Environmental baseline and monitoring values 
Natural ecosystems 'are of use· in monitoring changes in the 
earth's physical environment (Schindler 1987). For example, 
lichens are sensitive indicators of air pollution, especially 
3 
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dust and sulphur dioxide (Brandt 1972); phytoplankton are 
sensitive to water pollution (Schindler 1987). 
f) Scientific research and teaching values 
Many species have some special characteristic that makes them 
extremely valuable to scientists. For example, squids (Order 
Teuthoidea) and the sea hare (Aplysia) have nervous system 
properties that make them of immense value to neuroscienti~ts 
(Barnes 1980). Natural ecosystems provide a wealth of knowledge 
for SC i anti sts, teachers and students a 1 i ke, 
g) Ecosystem stabilization values 
These values are at the heart of the controversy that has 
arisen over the theory of natural ecosystem conservation. It has 
long been known that intensive monocultures have a higher risk 
of epidemic disease and vulnerability to pests and diseases than 
do natural systems (Ehrenfeld 1976). The reduction in genetic 
diversity results in closely related crop plants, which in turn 
facilitates the spread of both pests and disease organisms. It 
also eliminates plant species which shelter the natural enemies 
of specialized pests (Ehrenfeld 1976). 
Humans can cause irreversible change in the natural 
.. 
order, 
resulting in the loss of an evolved gene pool or community, 
which in turn, may carry a hidden and inestimable risk of 
serious damage to humans and civilization. 
The crux of the conservation debate is that extinct species and 
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communities cannot be recreated and their future benefit to 
humanity will have been dest~oyed with them. 
1 • 2 WHY CONSERVE THE ROBERTSON KAROO? 
Few· species or communities in the Karoo have proven utilitarian 
importance for humanity. Reasons for their conservation are thus 
confined to their aesthetic, recreational, cultural, ethical and 
research values. 
The Robertson Karoo is the southern most part of the Succulent 
Karoo Biome which contains a great richness of succulent plant 
species belonging mainly to the Mesembryanthemaceae and 
Crassulaceae (Rutherford & Westfall 1986). The species divers'lty 
is high for an arid region and there are a number of endemic 
(Werger 1978) as well as threatened (Hall et a7. 1980) species. 
In the Robertson Karoo many plant communities which appear to be 
threatened by agricultural and urban expansion (Hilton-Taylor & 
Le Roux 1989). 
The dominant vegetation of the Robertson Karoo, together with 
the Little Karoo, is classified as one of the three variations 
of Karroi d Broken Ve 1 d (Acocks 1953). The natu ra 1 vegetation of 
the Robertson Karoo differs from the that of the Little Karoo in 
the occurrence of minor plant species (9. Bayer pars. comm.), 
thus forming a unique assemblage of plant species. 
Hilton-Taylor & Le Roux (1989) note the existence of numerous 
5 
~---- --- .. ---~-- _________________ .. ___ _ 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
studied or documented the threats faced by those ecosystems. An 
example of the latter approach is the work of McDowell (1988) in 
which he assesses agriculture as a threat to West Coast 
Renosterveld. McDowell (1988) concludes that an assessment of 
the threats faced by natural ecosystems is an important 
supplement in establishing a conservation strategy for these 
ecosystems. A pi lot study and literature review indicated that 
the main threats in the Robertson Karoo appear to be 
agricultural and urban expansion (Hilton-Taylor & Le Roux 1989). 
As well as a study of the threats it is also vital to _identify 
areas within the study area which are of e«i;:ological 
significance. This information, together with the information on 
threatened areas, will allow a list of priority conservation 
areas to be formulated. 
The objectives are of this study are, accordingly: 
a) To discuss the historical development of the Robertson Karoo 
environment. 
b) To determine the present extent of the natural vegetation and 
its rate of decrease. 
c) To evaluate the factors, i.e. agricultural expansion and 
urbanization, which threaten the natural vegetation by: 
i) assessing agricultural land use trends over the last 50 
years. 
ii) determining major agricultural activities of today. 
iii) calculating the rate of urban expansion. 
7 
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d) 'To investigate other potential threats to the natural 
vegetation. · 
e) To predict the changes that might occur in the future. 
f) To determine comparat1ve agricultural potentials for the 
Robertson Karoo and to see how these potentials can predict 
future agricultural expansion. 
g) To map areas of conservation value . 
. 
h) To identify priority conservation areas, by assessing the 
threats to areas of ecological interest and value. 
1.4 THE STUDY AREA 
The Robertson Karoo is situated midway down the valley of the 
Breede River (Fig. 1.1) in the winter rainfall region of South 
Africa. 
1.4.1. Delimitation of the study area 
The exact delimitation of the study area (Fig. 1.1) was based on 
Hilton-Taylor & Le Roux's (1989) biogeographic area, the 
Worcester-Robertson Karoo, and Joubert's (1968) map of the 
Robertson Karoo. Other sources, such as the Acocks' (1953) Veld 
Type map, were also consulted. The 600m contour line was chosen 
as the boundary of the study area in the north, west and south 
as it included the areas of the Worcester-Robertson Xaroo mapped 
by Hilton-Taylor & Le Roux (1989) and Joubert's (1968) Robertson 
Karoo. In addition the 600m contour line corresponds 
approximately with the 600mm precipitation isohyet. This is 
significant since, in the South Western Cape, a mean annual 
precipitation of 600mm is the upper limit of karoo and 
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renosterveld vegetation. Areas with precipitation above this 
are predominantly covered by fynbos vegetation (Campbell 1985). 
The 20°15' longitude line was chosen as the eastern boundary, as 
it is just east of the boundaries of Hi·lton-Taylor & Le Roux's 
( 1989) Worcester-Robertson Karoo and Joubert' s ( 1968) Robertson 
Karoo. The study area, hereafter refeired to as the Robertson 
Karoo, therefore covers an area of approximately 2332km2 and 
includes the karroid plains, the transitional zones to Mesic 
Mountain Fynbos in the north, west and south and the 
transitional zone to Coastal Renosterveld in the east. 
1. 4. 2 Climate 
The climate is typically mediterranean, with the winter 
precipitation being low (125-350mmyr-1, Fig. 4.4). Although the 
precipitation is low, the run-off from the mountains is 
plentiful as evidenced by the many streams, the Breede River and 
its major tributaries - the Riviersonderend and Hex rivers~ 
Summers are hot, with a mean maximum temperature in January of 
29. 2°c. Winter nights are cold, (mean minimum for July = 7 .1°c) 
with frost in low-lying areas (Anon. 1985a). 
1. 4. 3. Geology 
The Robertson Karoo lies in the Cape Fold belt (Du Tait 1954) 
and has a complex geology (Fig. 4.1). The most conspicuous 
geological structure is the Worcester fault, which stretches 
from Mossel Bay, in the east, to Piketberg, in the northwest 
(Graeff 1978). 
10 
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In simple terms, the area consists of quartzite and sandstone of 
the Table Mountain Group in the mountains, and of siltstone and 
·shale of the Bokkeveld and Witteberg Groups in the valleys (Le 
Roux 1983). In some places the Bokkeveld series are overlapped 
by the Dwyka formation of the Karoo system (Du Toit 1954). The 
quartzites and shales of the Witteberg series appear in the 
Roodeberg and run northwards beneath the Karoo systems of the 
Breede River valley as a result of intense down-faulting (Du 
Toit 1954). 
1. 4. 4 Soi ls 
The complex geology results in a wide variety of soils (Fig. 
4.2). The Table Mountain sandstones of the Langeberg foothills 
form whitish or grey porous sandy soi ls. These soi ls are 
nutrient-poor owing to their high silica content and to a lack 
of feldspar, mica and clay (Du Toit 1954). The Bokkeveld shales 
in the valleys, on the other hand, form fertile clay-rich soils, 
and in the floodplains along the rivers there is fertile 
alluvial soil (Ou Toit 1954). As a result, apart from those 
developed in the Langeberg foothills, the soils of the region 
have. a fairly high nutrient content (Anon. 1985b). · To the west 
the soil is mostly shallow and has a lime horizon in the 
undersoil (Joubert 1968, Anon. 1985a & b). The Breede River 
floodplain in the vicinity of Bonnievale consists of deep red 
apedal and textured soils, many of which have a high sodium 
content in the subsoil (Joubert & Stindt 1979). As a result of 
low rainfall and minimal plant growth, the soi ls are deficient 
1 1 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
in organic material (Joubert 1968). A major problem is 
salinization which is common in arid and semi-arid regions where 
evaporation exceeds precipitation, leading to high 
concentrations of salts in run-off, groundwater and impoundments 
(Or. Moolman pers. comm.). 
1 .. 4.5. The natural vegetation 
The demi nant vegetation of the Robertson Karoo, Karroi d Broken 
Veld (Veld Type 26, Fig 1.2) is defined by Acocks (1953, p.86) 
as "karoo veld dotted with dwarf trees and shrubs, and including 
varying amounts of grass and succulents", The hills and 
mountains surrounding the area are cavered by Veld. Types 69 
(Macchia) and 70 (False Macchia) in the north and south; and 
Veld Type 43 (Mountain Renosterveld) in the southwest. In the 
east of the study area Veld Type 46 (South Coast Renosterveld) 
occurs (Acocks 1953). 
N 
j 28 I Karrold Broken Veld 
j 43 j Mountain Renoaterveld 
l 48 I Coaatal Renoaterveld 
i 89 j Macchia (Fynboa) 
;to] False Macchia 
u 
46 
•km 
F1g. 1.2: Veld Types of the Robertson Karoo (after Acocks 1953) 
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.rn the 1960's and 1970's Joubert (Joubert 1968, 1970, Joubert & 
Stindt 1979) undertook a survey of the different vegetation 
communities in the Robertson Karoo (Fig. 1.3). Joubert's (1968) 
vegetation survey ]s the most comprehensive, although even this 
concentrates main 1 y on the demi nants. He divided the Robertson 
Karoo into eight plant communities: 
i) Euphorbia mauritanica and Pteronia paniculata communities. 
These communities occur in patches on the low-lying plains at 
a 1t i tudes ranging f rem 180m above sea-1 eve l and on north-facing 
as well as south-facing slopes of less than 2%. 
ii) Pteronia incana community. This community occurs on south-
facing slopes and mountains exceeding a 20% gradient. 
iii) Salsola glabrescens - Acacia karroo community (termed dry 
river community in Fig. 1.3). This community is limited to the 
smaller seasonal streams which feed the Breede River. A large 
amount of alien vegetation (e.g. Sesbania punicea; personal 
observations) occurs along the larger rivers. 
iv) Elytropappus rhinocerotis community. This community is 
found on south-facing slopes at altitudes above 250m. Above 
500m it may be found on slopes of all aspects. 
v) Euc1ea undu1ata community. This dwarf tree or tall shrub 
comm~n_1ty occurs between 180-220m in the va 11 eys. 
vi) Cr.assu1a rupestris community. This community is limited to 
alt 1 tu des between 200-500m above sea-1eve1 on no rt h-f ac 1 n g, 
mountain slopes with a gradient ranging from 20% to 50%. 
vii) Elytropappus - Wi17denowia community. This community is 
found on low-lying flats between 200-320m with slopes less than 
20% 
13 
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Of the nine dominant species from the seven communities, only 
three species are considered by Joubert (1968) to be "palatable" 
(where palatability can be defined as plant characteristics or 
plant conditions that stimulate the animal to graze the plant; 
Heady 1964), viz: Salsola glabrescens, Acacia karroo and Euclea 
undulata. (Pteronia paniculata and Euphorbia mauritanica are 
only grazed to a limited extent.) The average percentage crown 
cover of "palatable" species in all the communities was found to 
be 19.5% as opposed to 59.4% for "unpalatable" species. Joubert 
(1968, 1970), Joubert & Stindt (1979) concluded that the 
Robertson Karoo was dominated by "unpa 1 atabl e" shrubs, assumed 
to be a consequence of overgrazing. The current grazing 
capacity of the area is low, with the recommended grazing 
capacity valued at 1 small stock unit per 8ha (B. Bayer pers. 
comm.). own observations from aerial photographs and field 
experience show the karro  d vegetation to be extensive 1 y eroded 
and much of the topsoil appears to be lost. 
The total area covered by the natural vegetation in the 
Robertson Karoo appears to have been drast i ca 11 y reduced due to 
the encroachment of agricultural lands and urbanization (Hilton-
Taylor & Le Roux 1989). 
1.5. STRUCTURE OF THIS THESIS 
Chapter 2 describing the historical changes in the Robertson. 
Karoo environment follows. An assessment of the threats to the 
15 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
natural vegetation is then dealt with in Chapters 3 and 4. In 
Chapter 5 areas of high conservation priority are identified and 
the implications for a cons~rvation.strategy in the area are 
discussed. Finally, in Chapter 6, the general conclusions of 
this thesis are given. 
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CHAPTER 2: AN HISTORICAL PERSPECTIVE OE 
-
THE ROBERTSON KAROO ENVIRONMENT 
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2.1 INTRODUCTION 
The aim of this chapter is to provide an historical perspective 
of the Robertson Karoo environment. The Robertson Karoo today 
(see Chapter 1) consists of karroid plains dominated by Karroid 
Broken Veld (Veld Type 26, Acocks 1953) and is surrounded by 
transitional zones to Mesic Mountain Fynbos in the north, west 
and south, and to Coastal Renosterve l d in the east. The area is 
transversed by the Breede River. Each of the above communities 
has reacted differently to the changing environment and land use 
patterns. 
Although the hi story of the Robertson Karoo environment has not 
been documented to any great extent, various authors, notably 
Acocks ( 1964, 1979), have commented on its past vegetation and 
how it had changed. Joubert (1968, 1970), in addition, commented 
on the contemporary vegetation and the past causes of change. 
Both Acocks (1953, 1964, 1979) and Joubert (1968, 1970) ascribed 
to the c 1 ements ( 1916) success i ona 1 theory, thus they assumed 
that the Robertson Karoo was at some point in the past a "steady 
state" or "climax" community ·in equilibrium with the 
environment. This "climax" community, which was supposedly 
dominated by palatable perennial shrubs and grasses, was 
interpreted as having been degraded by some factor resulting in 
the communities seen today ("disclimax" communities). There are 
various problems with the concept of "climax" communities. These 
states, especially in arid and semi-arid regions which are 
characterized by relatively unpredictable climatic and 
disturbance regimes, may be the exception rather than the ru1e 
I 
' I I 
\ I 
I 
I 
I 
I I 
I 
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(Hofrman 1988). Hoffman (1988) concludes that it was unlikely 
that steady states ever occurred in historical times. Thus 
sequential and deterministic replacement sequences are unlikely. 
A particular climatic sequence may favour one species over 
another and this effect may last for decades, giving an apparent 
"steady state" condition (Noy-Meir 1973). As an example of this, 
grass domination is a well known response to influence of high 
summer rainfall (Roux & Vorster 1983, Hoffman 1988). 
2 .1.1 Conventional ideas on the past Robertson Karoo environment 
In his 1964 and 1979 works, Acocks commented n past vegetation 
patterns (the "climax" communities) of the Robertson Karoo. He 
suggested that prior to European colonization there was probably 
a mixture of karoo bush, large and small succulents, grass, 
shrubs and trees, with thickets of Euclea undulata, Carissa 
haematocarpa, Zygophyllum foetidum, Putterlickia pyracantha, 
Euphorbia mauritanica and Cotyledon paniculata sensu 7ato. He 
suggested that these thickets probably thinned out along the 
less arid footslopes of the mountains into grassy veld, ·which is 
now Renosterveld (Acocks 1979). The non-succulent, semi-arid 
karoo bushes which were apparently once plentiful have today 
been replaced by weedy Mesembryanthemaceae · spec 1 es ( Acocks 
1964). 
Acocks (1979) further suggested that the gallery forests 
(forests alongside the rivers) were more extensive than that of 
today, and probably included such species as : Podocarpus 
19 
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elongatus, Rapanea melanophloeos, Brabeium stellatifolium, 
Acacia karroo, Kigge laria africana, Brachy laena neri i fo 7 ia, 
Frey 1 in ia lanceo la ta, Rhus angust ifo 1 ia, He l ianthus major, I lex 
mitis, Lachnostylis hirta, Psoralea aphy11a, Salix capensis and 
Hyrica serrata. 
Acocks (1979, p.685) suggested of the the Breede River that: 
"the river itself and its major tributaries, the Riversonderend 
and Hex rivers, are permanent and would have been deep and slow 
running, much impeded by Prionium, Typha and Phragmites". 
P.A.B. van Breda (pers. comm.) mentioned the presence of natural 
forests in the area, of which a few examples are left in the 
kloofs. It appears that the low rainfall of the area would have 
been insufficient to support an extensive forest (Acocks 1979). 
So-called "-relics" of forest in kloofs are similar to the 
gallery forests with some additions: e.g. Hetrosideros 
angustifolia, Cunonia capensis, Rhus lancea, Buddleia 
salicifolia, Acacia karroo, Rhus pyroides and /rfaytenus cymosus 
(Acocks 1964). 
Acoc:>f<s. based his pre-colonial plant species 1 ist on the 
rationale of "relic" plant species. He suggested that the 
occurrence of a "relic" species in a community today, indicates 
that this species was once a dominant component of the 
undisturbed community. There are many problems with this logic, 
not the least of which concerns the definition of a "relic" 
plant species and the assumption that it was once more 
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widespread. 
2.1.2 Conventional wisdom regarding the contemporary Robertson 
Karoo- environment 
Studies (Joubert 1968, 1970, Joubert & Stindt 1979) conducted in 
the Robertson Karoo concluded that the_ vegetation is now 
dominated by "unpalatable" shrubs (see Chapter 1, section 
1.4.4). They also noted the soil to be eroded. Although it is 
unclear as to the extent of the erosion, personal observations 
from aerial photographs and field experience indeed do show the 
soil to be extensively eroded and much of the topsoil appears to 
have been lost. Joubert (1968, 1970, Joubert & Stindt 1979) 
attributed the above to overgrazing, especially as a result of 
the European settlers over the last 100 years. 
2.1.3 Ideas of vegetation change and the possible causes 
The causes of the assumed changes were almost entirely ascribed 
to man (Acocks 1953, Roux & Vorster 1983, Vorster 1983). Acocks 
(1953) in particular attributed the vegetation changes to be a 
result of the differences in the grazing regimes of the pre- and 
post- colonia 1 anima 1 s. 
The popular view holds that, prior to the introduction of 
domestic stock in colonial times (i.e. around 300 years ago), 
karoo plant populations were at, or near, a "stable equilibrium" 
with the environment (Acocks 1953, 1955, 1964, Roux & Theron 
1987). This "stable equilibrium" or "climax state" is considered 
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to have been in so-called equilibrium with environmental 
conditions, which included a large population of many species of 
migratory wild animals, both grazers and browsers. At these 
times, the vegetation would not have been grazed continuously, 
although grazing could have been periodically heavy with. 
virtually all the species being utilized by the herbivores (a 
form of non-selective. grazing). Such a grazing regime would 
alternate between periods of heavy grazing/defoliation with. 
variable rest periods (Acocks 1966)). The replacement of 
dominant wild animals by cattle and sheep, which are highly 
selective feeders, then resulted in i_mbalances e.g. the ratio of 
domestic grazers to browsers is believed to be higher than that 
which existed for indigenous grazers and browsers (Downing 
1978). Researchers regard this as the main reason for the 
increase of woody species with the accompanied decrease in herbs 
(Acocks 1955, Downing 1978, Roux & Theron 1987). In addition the 
domestic animals of the Europeans grazed continuously. The 
above resulted in a continuous selective grazing regime. A 
continuous grazing regime allows at least some animals to be 
kept in the pastures throughout the period when the vegetation 
is grazable (Booysen 1967). This continuous selective grazing 
favours "unpalatable" species and woody shrubs (Acocks 1955). 
There are certain problems with the above ideas of pre- and 
post-colonial vegetation and its change. The first, involving 
the concept of "equilibrium" or "climax states", has already 
been mentioned (see section 2. 1). A second prob 1 em i nvo 1 ves the 
effects of different grazing regimes. There is no conclusive 
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evidence of the precise effects of different grazing regimes or 
whether they radically alter species composition in the Karoo 
(Hoffman 1988). Thirdly, there is some doubt concerning the 
contention that the indigenous herbivores did in fact graze non-
selectively (Hoffman 1988). Finally, the researchers (Acocks 
1953, Downing 1978) make no mention of the large herds of 
domestic Khoi livestock which occupied large areas of South 
Africa, particularly the south Western Cape, before the European 
settlement of the 18th century. Other researchers (Deacon 1983) 
make the point that the Khoi were also practising a form of non-
se l ect i ve grazing, as they were reported by the early 
travellers' to graze an area "bare" before they moved on (Thom 
1958). 
2.1.4 The need for reassessment 
The ideas of Acocks' (1953, 1955, 1964, 1966, 1979), Joubert's 
(1968, 1970) and Joubert & Stindt (1979) appear to be based on 
erroneous assumptions and therefore need to be re-evaluated. To 
do this, it is necessary to gather additional information on the 
past Robertson Karoo environment and how it has changed. This 
can be achieved by reviewing history of the past inhabitants and 
discussing the possible impacts they had on the Robertson Karoo 
environment, especially their effects on the vegetation and soil 
cover. In addition, the more notable documented descriptions of 
past vegetation are studied. As well as anthropogenic effects, 
other possible determinants of vegetation change are reviewed. 
Fina 11 y, in the light of these, a reassessment is made on the 
23 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
ideas (Acocks 1953, 1955, 1964, 1966, 1979; Joubert 1968, 1970) 
presented above. 
2.2 RESULTS AND DISCUSSION 
2.2.1 Anthropogenic activities 
The Robertson Karoo has had a long history of human influence. 
Tab 1 e 2. 1 documents the history of human sett 1 ement in the 
Robertson Karoo and its major impacts on the vegetation. 
2.2.1.1 Pre-colonial events (before 1652 AD) 
The impacts of the San people (hunter-gatherers) on the 
vegetation are unknown. One poss i b 1 e impact they might have had 
on the vegetation involved their use of fire. The San and later 
the Khoi, used fire to destroy old grass and attract wild 
animals with the new growth (Burchel 1 1822), thus changing 
existing natural regimes. Khoi also burnt old pasture on which 
cattle could no longer graze (Kolbe 1727 cited by Botha 1962). 
It is impossible to tell if the San and Khoi burnt the karroid 
plains, although karroid vegetation does not burri easily 
(Booysen & Tainton 1984). Hence, it is probable that they 
concentrated on the more grassy surrounding renosterve ld. 
Due to their pastoral activities, the arrival of the Khoi may 
have caused a further change in the vegetation. Although it has 
been suggested that both the indigenous herbivores (Acocks 
1955, Downing 1978) and the Khoi livestock grazed non-
se 1 ect i ve 1 y (Deacon 1983), Hoffman ( 1988) st rang 1 y opposes this 
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Table 2.1: The history of settlement in the Robertson Ka.roo and possible impacts on the vegetation. 
DATE 
Prior to 
21000-2000 BP 
1600-2000 BP 
1652 AD 
1713 
1714-1726 
1746 
1819 
1853 
EVENT 
No prehistoric history of fire 
San (hunter-gatherers) and a large variety of 
herbivores inhabited the Robertson Karool,2 
Nomadic pastoral1sts (Khoi) arrived3· 9. They kept 
fat-tailed sheep which appeared to arrive before 
their horned cattle6,9,10. Historical records 15th 
century onwards record large herds of livestock in 
the southern and western Capell. 
Populations estimates for the SW Cape ranged from 
45000-1000005. The Breede R. valley was part of 
the lands of the Chainouqua tribe who also 
pastured in the Salt and Riversonderend river 
valleys. Population estimates : 16000-180005. 
IMPACT 
Little long-term effect 
Wild herbivores - NSG? 
First impact of doaestic stock 
on vegetation. NSG? 
Historical accounts record large herds 
of Khoi livestock grazing the vegetation 
bare before they moved on12. 
The Kho1 introduced large herds of 
selective grazers compared to the 
indigenous grazers and browsers (Table 2.2). 
Impact on the immediate surroundings of a 
kraal? Ethnological evidence f ro1 
Namaqualand suggests kraals caused 1inimal 
impactll. 
Robertson karoo - arid at this time?, if 
so Khoi would have kept to better watered 
areas. 
Both the San & Khoi used fire to attract wild Unknown if the inhabitants burnt the 
animals13. Khoi also used fire to enhance the Robertson Karoo. 
grazing of the natural vegetation. 
Dutch India East Company formed ref resh1ent Station at 
Cape Town14. 
Farmers migrated away fro~ the Cape in search of 
grazing for their livestock (mutton sheep and 
Africaner cattle)l4. 
SRallpox epidemic drastically reduced Khoi 
population numbers14. 
Robertson Karoo settled by European farmersl4, 
especially along the banks of the rivers. 
Far1ers obtained grazing rights or loan farmslS 
Theoretical minimum size : 3000morgen (2570ha) 
Town of Swellendam established 
Worcester founded 
Robertson established 
Population densities remained low. 
Herds of indigenous herbivores and Khoi livestock 
would have disappeared. Replaced by mutton sheep 
and Afrikaner cattle. 
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Fire does not play a role in rangeland utilization? 
Early 1800's Until this period agricultural development was 
slow. due to low and irregular rainfall and the 
distance tram ~arkets16. 
1853 Bainskloof pass was built, establishing a viable Reduction in area of natural veld. 
route between Worcester and Cape Town. By this 
time vineyards at Worcester were well 
established17. There were only a limited number of 
vineyards at Robertson. 
1857-1860 First lucerne planted on farm near Worcesterl8 
During this time lands were not fenced, livestock Livestock CG? 
would have been herded. Sheep and goats were the 
After 1897 
1909 
1913 
1923 
References: 
most common livestock due to arid conditions. 
Fencing of domestic animals was introduced19. 
Farms became smaller, divided into inherited 
uni ts. 
Continued overproduction .of wine, led to a 
collapse in the industry. Fortunately the ostrich 
market was flourishing. All existing vineyards 
were ~laughed up to plant lucerne to feed 
ostriches. These animals also grazed on the 
natural veld16. 
Ostrich market collapsed and farmers returned to 
wine farming. 
Livestock are still an important farming activity. 
Building of Brandvlei Dam22. 
l : Hall 1978 ' . 
2 : Theal 1888. 
3 : Cooke 1965 , 
4 : Deacon 1983 
5 : Elphick 1985 
6 : Klein 1986 
12 : Tho11 1958 
13 : Burchell 1822 
14 : Elphick & Giliomee 1989 
15 : Guelke 1984 
16 : Luckhoff 1946 
17 : Kench et al. 1983 
18 : Heatlie 1981 7 : Robertshaw 1978 
B : Stow 1905 
9 : Von der Driesch & Deacon 1985 
10 : Scheitzer 1974 
11 : Deacon et al. 1978 
19 : Grigg 1974 
20 : Hilton-Taylor & "all 1986 
21 : Nel pers. comm. 
22 : Schreuder et aJ.1988 
Increased grazing pressure. 
Overstocking during good years -
disastrous effects during subsequent dry 
dry years20. 
Ostriches can cause considerable damage 
to veld21. However, they feed 1ainly on 
lucerne thus effects on the veld were 
probably confined to trampling. 
Increased grazing pressures degraded veld 
The area under cultivation increased. 
Livestock farming became less important. 
The extent of the Breede R. floodplain was 
reduced. 
--------------
KEY: NSG: Non selective grazing; CG: Continuous grazing (see Hoffman 1988). 
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Table 2.2: Historic herbivores of the Robertson Karee 
Bulk Grazers Concentrated Grazers 
Cape Buffalo Wildebeest 
Quaggas Bontebok 
Zebra Grey Rhebok 
Red Hartebeest 
Hippopotamus 
warthogs 
Baboons Baboons 
Ratio of indigenous grazers to brewers= 10:7 
Khoi introduced herds of selective grazers: 
Domestic Cattle Domestic Sheep 
Browsers 
Eland 
B 1 ue D.u i ke r 
Grey Duiker 
Steenbok 
Klipspringers 
Ostriches 
Baboons 
*Elephants were excluded as it is uncertain if these animals 
were present in the Robertson Karoo. 
**The domestic goat is also excluded as goats were unknown or 
rare in the South western Cape. 
References: Skead 1986 
Smithers 1983 
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idea, stating that it is based on circumstantial evidence and is 
essentially untestable. The large herds of selective grazers 
introduced by the Khoi may indeed have had an effect as their 
grazing diets would perhaps have been different from the 
indigenous herbivores (Table 2.2). This suggestion is supported 
by evidence from other karroid areas, e.g. the Nuweveldberg 
(Meadows & Sugden 1988) where there is strong evidence that the 
Khoi herders affected vegetation compos·i ti on. 
The Khoi, especially if they occupied a kraal for an entire 
year, may have had a marked impact on the immediate 
surroundings. Such a contention is supported· by Sampson (1984) 
working in the Eastern Cape. Ethnological evidence from 
Namaqualand, on the other hand, suggests that the Khoi kraals 
had a minimal effect on the vegetation (Tabl~ 2.1, Deacon et al. 
1978) .. 
It seems probable that the Khoi would have settled in the better 
watered and grassy areas such as the Breede River floodplain and 
eastwards towards Swellendam (see section 2.2.1). Hence, the 
karroid vegetation itself may have been grazed only to a limited 
extent, more especially by the indigenous browsers which were 
present. In fact there is a possibility that the Khoi livestock 
were never present in large numbers in the Robertson Karoo at 
all. Supporting this is the evidence from travellers' records 
which note that the Khoi were more abundant along the coa.stal 
plains (Deacon et a7. 1978). 
28 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
2.2.1.2 Post-colonial events (after 1652 AD) 
The arrival of the European settlers was an important event 
which changed the course of South African history dramatically. 
Their arrival was also important as for the first time the 
appearance of the vegetation was documented. 
a) Travellers' records 
The early European travellers' records is a major source of past 
vegetation descriptions. However, these descriptions were mostly 
confined to well travelled routes. In addition they are were 
also often vague or exaggerated, probably because the 
travellers were foreign (mainly from Britain and the 
Netherlands) and the vegetation of South Africa. was vastly 
different to any they had previously encountered. 
Unfortunately only a relatively small number of travellers' 
records can be found for the Breede River val lay and it appears 
that the valley was not a well travelled route. The more notable 
observations are recorded in Table 2.2. Backhouse (1844) 
referred to the valleys as extensive and grassy, which 
contradicts all the previous records, e.g. Thunberg (1793/95) 
and Sparrman (1786) who observed the plains (map location A & B, 
Fig 2.1) to be "carro". It seems unlikely that the vegetation of 
the karroid plains between 1772 and 1840 suddenly changed from 
"carro" to grassy plains well supplied with water. I conclude 
that Backhouse (1844) was referring specifically to the Breede 
River floodplain itself. 
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Table 2.3: Certain more notable traveller's observations. 
1) Karroid plains 
Date Traveller 
1772 Oct Thunberg 
1773 Oct Thunberg 
1776 Sparrman 
Map Location· Observation 
A "the carro· plains which are very dry, sterile and bare of grass: 
being covered with a great number of succulent plants·! 
Notes following plant species (new species name, if applicable 
appears in brackets): /'fesembryanthe111u1 edule t Carpobrotus edulis}, 
flrduina bispinosa (Carissa bispinosa), 111mosa n1lotica t Acacia 
karroo), Vi scum capense, Rhus2. · 
A "The field was of the karroid kind, and the sheep were said to feed 
on these succulent plants, the mesembryanthemums"3 
A "This tract of country was partly of the carrow kind" 4 
2) Plains to the east (Swellendam district) and mountain foothills surrounding the area 
Date Traveller 
1773 Nov Thunberg 
3J Breede River 
Date Traveller 
1830 Anon. 
1840 Backhouse 
,. see Fig. 2.1 
Map Location Observation 
B "The country here began to be very hilly, and abound with grass, 
and at the same time had a suffient number of rivulets, and wood in 
the clefts of mountains"S 
·Map Location Observation 
C The Breede River during the rainy season often overflowed its banks 
to ·a great distance·6 
D "by the side of the Breede a pink heath was in blossom among the 
rushy herbage" 7 
E* "the valleys in this part of the country are extensive, grassy, 
well supplied with water"7 
N Karoo - carro or carrow is derived from the Hottentot word meaning dry, hard or difficult (Nienaber & Raper · 
1977). 
* It is assumed that Backhouse is referring to the Breede Rive( floodplain. 
References: 
1 : Thunberg 1793/95, p.70 
2 : Thunberg 1793/95 
3 : Thunberg 1793/95, p.205 
4 : Sparrman 1786, p.247 
5 : Thunberg 1793/95, p.208 
6 : Steedman 1835, p.62 
7 : Backhouse 1844, p.612 
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It is unclear whether the plants collected by Thunberg (1793/95) 
in 1772 wer• dominant species, or were merely species of 
interest to him. Acacia karroo, a "palatable" species, is the 
only species which Thunberg mentioned that is sti 11 dominant 
today, albeit in localized areas along rivers. He states that 
Acacia karroo "supplies plenty of wood" indicating perhaps that 
this species grew in greater abundance in historical times. He 
does not mention the dominant "unpalatable" species present 
today, e.g. Euphorb ia mauritan ica; but Thunberg ( 1793/95) does 
, 
mention certain "palatable" species, e.g. Zygophyllum morgsana. 
It cannot be assumed, however, that the past vegetation was 
dominated by a higher percentage of "palatables" species than 
today. 
The e v i den c e av a i 1 ab 1 e fr om tr ave l l e rs ' rec o rd s does g i v e 
credence to a number of A cocks ( 1964, 1979) suggestions (see 
section 2. 1. 1). It does appear that the Breede River was deep, 
slow running and much impeded by rushes and sedges. The slopes 
of mountains surrounding the area were grassy and the forests in 
the k 1 oofs we re perhaps more extensive then that of today. 
Whether the non-succulent, semi-arid karoo bushes were once 
plentiful or whether the gallery forests were more extensive 
than today as suggested by Acocks (1955, 1964, 1979), remains 
obscure as there is a dearth of literature on this subject. 
To conclude, the available information suggests that, at the 
time of the early European settlers, the karroid plains of the 
Robertson Karoo consisted of an arid vegetation type which was 
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dominated by shrubs with a low grass component, but it is not 
clear whether the species composition within the vegetation has 
changed since the early European settlement. The natural 
vegetation of the Swellendam district (east of the karroid 
plains) and surrounding mountain foothills, today Renosterveld, 
appears to have had a higher grass component than that of today. 
It would seem that the Breede River formed a wide flood plain 
which was covered by grass species. 
b) Historical events and their impacts (after 1652 AD) 
Before the 19th century the population densities of the area 
were low, probably resulting in minimal impact on the 
environment. However later the lncreasing European population 
could have affected the environment as a result of grazing, 
agricultural expansion, urbanization and fire regime alteration. 
i) Grazing: Later settlement expansion during the 19th and 20th 
centuries would have changed the existing grazing regimes (see 
section 2.1.3). Hoffman (1988) points out, however, that there 
is no conclusive evidence as to the precise effects of these 
different grazing regimes and whether they· radically alter 
species composition in the Karoo. If the Khoi domestic livestock 
did not graze on the Robertson Karoo vegetation (see section 
2.2.1.1), the possible differences between the diets of the 
European settlers' livestock and those of the indigenous 
herbivores may have had an impact on the vegetation. 
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The increasing populations both of people and livestock would 
have caused increasing pressures on the land and a greater 
likelihood of an impact. However, although today the karroid 
plains of the Robertson Karoo appear to be eroded (personal 
observation) and are dominated by unpalatable species, there is 
no evidence as to the exact nature of vegetation change. In 
contrast, the surrounding Renosterveld, apparently grassveld at 
the time of the arrival of the European settlers (see section 
2.2.1.2), does appear to have been changed with the grazing 
practices of the Europeans being one of the possible causes 
(Cowling et al 1986). 
ii) Agricultural Expansion and Urbanization: Agricultural and 
urban expansion has transformed a large proportion of the 
natural vegetation of the Robertson Karoo to cultivated land and 
urban areas. Irrigation became an important factor. As early as 
the 18th century the farmers flood-irrigated their fields using 
the natural flow of the river (ShreUder et al. 1988). During the 
19th century a series of irrigation channels were constructed to 
provide water to the expanding agricultural fields (ShreUder et 
al. 1988). These, togethe.r with the construction of Brandvlei 
Dam in 1923, controlled the flood waters of the Breede River. 
This was one of the main causes for the reduction in the extent 
of the Breede River floodplain. 
iii) Fire: Shortly after the European settlement began, the 
Government prohibited veld burning and passed. laws against its 
practice (Botha 1962). It appears that veld burning was never a 
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standard practice in the arid Robertson Karoo and thus has not 
had a major impact on the environment. Nevertheless, veld 
burning did became an established practice chiefly in the grassy 
eastern areas and the mountains of the Karoo (Brown 1875, 1877, 
Anon. 1961). In the surrounding Renosterveld it ~eems likely 
that, in combination with other factors, a fixed fire cycle 
contributed to its change. Cowling et al. (1986) attributed the 
change from grass 1 and to vegetation dominated by renosterbos to 
a fixed burning cycle and continuous grazing. He noted that the 
practice of immediate post-fire grazing was particularly harmful 
to the grass sward (Cowling et al. 1986, Hall 1934). 
2. 2. 2 A 1 tern at i ve factors promoting vegetation change 
A major determinant of vegetation and it~ change is climate. 
However the information that would be necessary to assess the 
effects of c 1 imat i c change in this area is both fragmentary and 
unreliable (Tyson 1986) and thus not suitable for such an 
appraisal. It should be noted here that other authors, notably 
Acocks (1953, 1955, 1966), did not even take into account 
possible climatic changes. This is a serious gap in the 
understanding of vegetation change in the Robertson Karoo which 
needs to be filled. 
Climate, through precipitation, has an important influence on 
the dominant growth form of a vegetation. Hem i c ryptophyte 
growth is favoured by high summer rainfall, while chamaephytes 
tend to be dominant under winter rainfall conditions with low 
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rainfall in the four hottest months (Rutherford & Westfall 
1986). In the past, as long as the Robertson Karoo experienced 
a winter rainfall regime with low rainfall in the summer months, 
it would probably never have had a high grass component and 
wou 1 d have been demi nated by chamaephytes. In the areas to the 
east of the Robertson Karoo, the rainfall is higher with a 
percentage falling in summer, suggesting that hemicryptophyte 
growth could have been more dominant (Rutherford & Westfall 
1986). 
2.3 CONCLUSIONS 
There are no records of the vegetation before the 18th century 
and thus it is impossible to draw any conclusions as to what the 
vegetation was like. 
Evidence indicates that in the early colonial times (18th 
century) the vegetation of the Middle Breede River Valley was 
dominated (as it is today) by karroid chamaephytes with a low 
percentage grass cover. It is not clear whether the vegetation 
had a higher percentage cover of "palatable'' species than it 
does today (as postulated by Acocks 1953, Joubert 1968) and thus 
it 1 s. unknown if the species composition of the vegetation has 
changed to a great extent. However the Robertson Karoo appears 
to have been eroded and much of the topsoil has been lost. The 
Breede River was flanked by a wide grassy floodplain, which has 
been greatly reduced today. In addition much of the indigenous 
vegetation of the river banks have been replaced by alien 
infestations, e.g. Sesbania. In the kloofs, there could have 
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been a more extensive forest than there is today, although there 
is no historical evidence of extensive forests in this area. The 
area was surrounded by less arid grassy veld on the foothills of 
the surrounding mountains and in the plains east of the area, 
which today are dominated by unpalatable renosterbos 
(Elytropappus rhinocerotis). 
The Robertson Karoo has had a history of human impact of at 
least 20 000 years. It is difficult, however, to conclude how 
the activities of the various inhabitants affected the 
vegetation of the karroid plains. Two possible senarios exist: 
Firstly the soil erosion seen today together with other 
undetermined changes could have been caused by the combined 
effects of the Khoi pastoralists and later the European farmers. 
Secondly, if the Khoi had never settled in the Robertson Karoo, 
the possible changes could have been caused by the European 
farmers alone. The importance of natural factors such as 
climatic changes remains obscure. 
The document.ad change in the vegetation of the Swe 11 end am 
district and mountain foothills from grassveld of the early 
European sett 1 ement to the contemporary vegetation demi nated by 
renosterbos appears to be a result of the change in a fixed 
burning cycle in combination with heavy grazing, especially. 
post-burning grazing. 
The reduction in the extent of the Breede River fl oodp 1 a in is 
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primarily due to floodwater control, especially the construction 
of Brandvlei Dam. 
From the information gathered in this chapter, Acocks' (1953, 
1 9 5 5 , 1 9 6 6 ) and J o,u be rt ' s ( 1 9 6 8 , 1 9 7 O , J o u be rt & St i n d t 1 9 7 9 ) 
ideas describing the Robertson Karee a~ a "climax" community and 
subsequently a "disclimax" community appear to be unfounded. 
However, their idea that the Europeans had an impact on the 
vegetation, especially in the Swellendam area, is correct. 
However, they may we 11 have exaggerated the magnitude of impact 
of the European settlers and did not discuss the possibility of 
the Khoi and San peep le causing an impact on the vegetation, or 
of climatic change . 
. The most significant effect of the European settlers, was the 
reduction in the extent of the natural vegetation. This is the 
result of agricultural expansion of cultivated fields and to a 
lesser extent urbanization. These activities, which currently 
represent a major threat to the continued ex i stance of the 
natu ra 1 vegetation of the Robe rt son Ka roe, a re discussed in 
detail in the following chapters~ 
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CHAPTER 3: THREATS TO THE SURVIVAL OF 
THE ROBERTSON KAROO AS A NATURAL AREA 
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3.1 INTRODUCTION 
Thts chapter investigates the threats to the continued existence 
of the natural vegetation in the Robertson Karoo. As discussed 
in the section 1.3, a knowledge of the threats to the natural 
vegetation of the Robertson Karoo is vital for predicting the 
future and for planning for the long-term survival of the 
vegetation. Further, Chapter 2 identified agricultural, and to a 
lesser extent urban, expansion to be the major threats. 
Agricultural expansion is indeed the largest threat, as 90% of 
the Robertson Karoo is privately owned farmland (B. Bayer pars. 
comm.). (Note: The Robe rt son Ka roo is of ten refer red to by 
Agricultural and Water Affairs officers as the Middle Breede 
River Valley). 
Thus the objectives of this chapter are: 
a) To determine the present extent of the natural vegetation and 
its rate of decrease. 
b) To evaluate the factors, i.e. Agricultural and urban 
expansion, which threaten the natural vegetation by: 
i) assessing agricultural land use trends over the last 50 
years 
ii) determining major agricultural activities of today 
iii) determining the rate of urban expansion. 
c) To investigate other potential threats to the nattjral 
vegetation. 
d) To predict the changes that might occur in the future. 
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3.2 MATERIALS ANO METHODS 
3. 2. 1 Present extent of the natu ra 1 vegetation and its rate of 
decrease 
The following 1:50 000 topographic maps covering the whole study 
area were obtained from the Department of surveys and Mapping, 
Cape Town: 
(i) Worcester 3319C8 - 1st ed (1954); 3rd ed (1974) 
(ii) Villiersdorp 3319CD - 1st ed (1962); 2nd ed (1981) 
(iii) Nuy 3319DA - 1st ed (1959); 2nd ed (1977) 
(iv) Langevlei 3319DC - 1st ed ( 1961); 2nd ed ( 1974) 
(v) Koo 3319D8 - 1st ed (1970) 
(vi) Robertson 3319DD - 1st ed (1961); 2nd ed (1974) 
(vii) Stormsvlei 3420AA - 1st ed (1962); 2nd ed (1982) 
(viii) Riversonderend 341988 - 1st ed (1962); 2nd ed (1982) 
The extent of the remaining natural vegetation was mapped for 
each topographic sheet and the area in km2 was calculated using 
a Summagraphics ID Digitiser with AO table linked to a Tektronix 
4051 graphic computer. 
These data were compared to the work of Jeffery & Brown ( 1987) 
who mapped the remaining natural vegetation from Worcester to 
8onnievale in 1987. The figures for the natural vegetation from 
Bonnievale to the eastern boundary of the study area were 
obtained from the work of s. Brown (1988a). 
Values for the extent of natural vegetation in each area were 
obtained for the years: 1963, 1974 and 1987. If there was not a 
map edition available for the earlier years in a particular 
41 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
area, linear regression between the available values provided 
the approximate figures. The extent of the natural vegetation 
was expressed as a percentage of the whole area. 
A map of the extent of the remaining vegetation in the study 
area in 1987 was drawn from the maps produced by Jeffery and s. 
Brown (Jeffery & Brown 1987, S. Brown 1988a). 
3.2.2 Agricultural and urban expansion 
The population growth figures for the rural areas and urban 
areas of the Worcester, Robertson and swellendam were calculated 
from census statistics (Central Statistics Services 1976a). 
3.2.2.1 Agricultural land use trends since 1942 
Seven areas (Fig. 3. 1) were chosen as "case studies" to ana 1 yse 
the trends in land use. These areas, which covered 7% of the 
study area, were subjectively chosen in a pilot study to 
represent the spectrum of variation in farms and farming 
practices in the Robertson Karoo. Table 3.1 summarizes the 
characteristics of each chosen area, their boundaries 
corresponding to those of the original farms first settled in 
the 1700's. 
For each area, land use patterns were mapped from aerial 
photographs onto 1: 1 O 000 maps for the years 1942, 1966/67 and 
1987. This was done using a Bausch & Lomb Stereo Zoom Transfer 
Scope in an attempt to eliminate distortions inherent in the 
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Table 3.1: Characteristics of the chosen areas 
------------·------------------------------------------------------------------------
FARM GRID REFERENCE SIZE 1st SETTLED VELD TYPE AGRICULTURAL ACTIVITY LOCATION 
~ 
(km 4 J PRINCIPAL 
-----------------~-----~~----------------------------------------~--------------------------------
33o42is ' 1) Aan de Doorns 34 1731* Karroo Wine grapes Breede River 
19o30/ E transitional to S of Worcester 
Renosterveld 
2) Kloppersbosch 33° 39/ s 13 1731* Karoo Wine grapes Nuy River 
i9o39/£ transitional to E of Worcester 
Renosterveld 
3) Haumanskloof 33o52/s ,,, 13 # Karoo Cattle Sanberg hills 
19° 33/ E S of Worcester 
4) Wandsbeck 33053/5 34 # Karoo Wine grapes Poesjenelsrivier 
19°401£ SSW of Robertson 
SJ Koelefontein 330 43/ s 17 # Karee Sheep, ostriches; Mowers 
19°40/E goats· 
6) 11iddelburg 33043/5 24 Karoo Cereals, Cattle"· NW of Robertson 
19°46/£ transitional to 
Renosterveld 
7 J Jan Harmens 33059/ s ' 37 1735+ Renosterveld Cereals SE of Ashton 
Gat 20°13/[ 
-------------------------------------------------------------------------------------------------------------
* Aan de Doorns - Original grazing rights were granted on 22th March to P.Rossouw 
Kloppersbosch - Original grazing rights were granted on 9th March to H. Clopper (Rossouw 1952) 
+ Jan Harmense Gat - Orginial grazing rights were granted to Jan Harmens (Tomlinson 1943) 
# Date unkno1rn 
·' These faras are not ec'ono11ically viable and the farmers generally have another property. 
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aerial photographs. The land use was mapped into the fol lowing 
categories: 
i) Cultivated lands - this included all non-permanent fields 
such as cash crops, wheatlands, dryland plantings, fodder crops, 
vegetables, fallow and recently ploughed lands. 
ii) Orchards and Vineyards - this included all permanent fields 
such as fruit orchards and vineyards. 
iii) Natural vegetation 
iv) Recently burnt vegetation 
v) Dams 
vi) Houses. The percentage area attributed to each category was 
calculated in km2 using the technique mentioned previously. 
The land use trends of the farms Haumanskloof and Koelefontein 
were not mapped as these farms are not cultivated. 
Farm owners in each of the areas were interviewed. Key Questions 
asked were: 
History: What is the history of the farm? 
Who were the previous landowners and what farming 
practices were used? 
The history of irrigation of· the farm and present 
irrigation practices? 
Precipitation: What is the expected annual rainfall? 
Have there been any years of particularly high or 
low rainfall? Is your district subject to severe 
droughts? With what frequency? 
What were the effects of the floods/droughts? 
Land use: What are the present land practices? 
45 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
What is the value of the land for the different 
1 and uses? 
Management Practices: How are the the vineyards, 
orchards, wheatfields and other products managed? 
How much time do you spend spraying and fertilizing? 
Where from and how much water is obtained for 
I 
irrigation purposes? 
Which crops are grown under irrigation? 
Are you going to expand the existing cultivated 
lands? 
What is the carrying capacity of your land and 
the present stocking rates? 
Do you practice a form of rotational grazing? 
Burning: Do you practice any form of veld burning? 
can you recal 1 the occurrence of any fires and 
their frequency? 
Soil Erosion: Are there any soil erosion problems on your farm? 
Vegetation: Has the re been a noticeable decline in the 
vegetation cover? 
Have any changes occurred in the nature of the 
veld? 
Alien vegetation: Do any alien plants occur on you~ farm and 
if so which species? 
Fauna: What wild animals occur in the area? 
Further information on the land use of different farms was 
obtained from the rural field sheets drawn up for tax evaluation 
46 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
purposes· in the Worcester district and Robertson districts in 
1972/4 and in the swellendam district in 1986. 
3.2.2.2 Major agricultural activities in the Middle Breede River 
Valley 
Statistical records and the Dept. of Agriculture were consulted 
to determine the agricultural activities and resultant products 
of today. 
3.2.2.3 Rate of urban expansion 
The rate of urban expansion was calculated for the two largest 
towns, Worcester and Robertson, using the past topographic maps: 
(i) Worcester 3319CB - 1st ed (1954), 3rd ed (1974) 
(ii) Robertson 3319DD - 1st ed (1961), 2nd ed (1974) 
and 1987 aerial photographs (obtained from Dept. surveys and 
Mapping, Cape Town). The areas were calculated in km2 using a 
Digitiser as above. 
3. 3 RESULTS 
3.3.1 Present extent of the· natural vegetation and its rate of 
decrease 
The natural vegetation between the years 1963 and 1987 decreased 
on average by 20 km2/yr (O. 7% of the whole area/yr) to a level, 
of 66% of the total study area in 1987. The extent of the 
remaining natural vegetation in 1987 is illustrated in Fig. 3.2. 
In 1963 the area of the natural veld was 2286.9km2, in 1974 
2 o 8 1 . 8 km 2 , and i n 1 9 8 7 1 a o 4 • 7 km 2 • The extent of the · n at u r a l 
vegetation in 1963 and 1974 was obtained directly from 1:50 ooo 
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topographic maps which .contain some error. This could have lead 
to an slight error in the calculation of the rate of decrease in 
the natu ra 1 vegetation. Hence the rate of dee rease in the 
natural vegetation (0. 7% of the total study area/yr) should be 
regarded only as a trend. 
3.3.2 Agricultural and urban expansion 
In 1904 the Worcester and Robertson extension wards had 
population densities of less than 10 persons/km2. By 1970 the 
density had grown to 20~39 persons/km2 in Worcester and 10-19 
persons/km2 in Robertson (Central Statistics Service 1976a). The 
growth figures for the population in rural areas (Fig. 3.3a) and 
urban areas (Fig. 3.3b) show Worcester in particular to be a 
rapidly expanding region, especially in the last 10-20 years 
(Central Statistical Service 197-6a, 1976b, 1986). 
3.3.2.1 Agricultural land use trends since 1942 
The results from the analysis of field sheets are presented in 
Table 3.2 and the information gained from the interviews is 
presented in Table 3.3.' The decrease in the natural vegetation 
' of each farm from "1942 is shown in Fig. 3.4, while the land use 
trends for each farm are shown in Fig. 3.5. Even with the use of 
·-. 
the Bausch & Lomb Stereo Zoom Transfer Scope, a degree of 
distortion was unavoidable. However, this did not affect 
analysis of the broad trends. 
3.3.2.2 Agriculture of the Middle Breede River Valley 
Table 3.4 shows a summary of land use in the Worcester, 
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Table 3.2: Land use of the cnosen areasl 
/ 
---------------------------------------------------------------~--------------------~~----------~----~-------------
Aan de Doorns kloppersbosch Wandsbeck M1ddelburg Haumanskloot Koelefontein Jan Harmens Gat 
Year of 
evaluation 
Area of 
evaluation• 
(k12) 
Landuse 
(ttotal area) 
Rangeland 
· Oryland: 
Cropland 
Lucerne 
Total 
Irrigated land: 
Lucerne 
Grazing 
Vineyards 
Orchard 
Peaches 
Apricots 
Citrus 
Other 
Total 
URBAll 
1972 
49 
78.17 
7.83 
0.60 
8.43 
1. 03 
10.70 
1. 07 
12.81 
0.60 
1972 
24 
83.72 
4.12 
4.12 
0.99 
10.93 
11.92 
0.23 
1972 
40 
85.48 
10.41 
10.41 
0.40 
3.15 
0.53 
0.03 
3.71 
1971 
24 
92.09 
7.04 
7.04 
0.87 
0.87 
1972 1971 
13 17 
100.00 100.00 
1986 
46 
45.79 
36.04 
3. 77 
39.81 
2.20 
1. 29 
6.14 
0.43 
0.32 
0.15 
0.02 
2.95 
13.50 
0.86 
* The area evaluated here Mas greater than the area of the farms that Mere mapped, as often individual farm units are 
evaluated together. 
l Rural field sheets for tax evaluation purposes (Valuation Department, CDHECJ 
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Tao·1e 3.4: Lana use in the Worcester. Robertson and Swellenoam extension wares in 1981. 
!Report No: 06-01-17. Centrai Statistical service 198/i 
-------- -~----~---------------
WORCESTER ROBERTSON SWELLENOAM 
-----------------------------------------------------------------~-------------
TOTAL AREA ! haJ 322990 1134874 340226 
%cu it mted 9.92 12' 11 37' 12 
% of cultmted 
irrigated 72.88 81. 34 7.62 
dry land 2 7' 12 18.66 92.38 
-------------------------------------------------------
ha natal area ha natal area ha notai area 
PERENNIAL PLANTINGS 
orchards & vineyards 
1 mgated 17765 7989 5319 
dry land 1234 240 214 
Total 18999 5.88 8229 i .23 5533 1. 63 
fodder crops 
irrigated 2920 2282 2999 
aryland 2473 266 '62002 
total 5393 1.67 2548 2.24 65001 19' 11 
timber & wattle plantations 
irrigated 38 55 24 
dry land 95 7 670 
total 133 0.04 62 0.05 694 0.2 
ANNUAL PLANTINGS 
irrigated 2660 893 1304 
dry land 4888 2065 53789 
total 7548 2.34 2958 2.60 55093 16' 19 
TEMPORARY FALLOW 10797 3.34 4625 4.06 34719 10.2 
NATURAL VELD 273970 84.82 93904 82.46 174122 51. 18 
ALL OTHER LAND 6150 1. 9 1548 1. 36 5064 1.49 
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Robertson and Swellendam extension wards (Central Statistical 
Service 1987), while Table 3.5 shows all the agricultural 
products produced in these areas in 1981 (Central Statistical 
Service 1987). The percentage income of the various agricultural 
products are illustrated in Fig. 3.6. For comparison the land 
use and livestock numbers of 1865 are shown for the districts of 
Worcester, Robertson and Swellendam (Table 3.6, central 
Statistical Service 1866). (Note: The district for the different 
years did not encompass the same area - cf. the tota 1 area of 
districts in 1865 (Table 3.6) with the total area of the same 
region in 1981 (Table 3.4)). In 1865 only an average of 1. 7% of 
the Robertson Karoo was cultivated, whereas by 1981 19.27% of 
the area was cultivated (Table 3.4 & 3.6). Because in both years 
the districts include mountainous regions there was a relatively 
low percentage of land under cultivation. 
3.3.2.3 Rate of urban expansion 
The town of Worcester has doubled in size since 1954 and in 1987 
covered an area of 21km2, whereas Robertson increased by 26% 
since 1962 to an area of 4km2 (Fig. 3.7). In 1987 the urban 
areas of Worcester and Robertson covered 0.9% of the total 
study area. 
3. 4 DISCUSSION 
3.4.1 Present extent of the natural vegetation 
Sixty six percent of the Robertson Karoo is "remaining 
vegetation". This appears to be high in comparison to other 
lowland veld types, e.g. in west coast renosterveld McDowell 
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Table 3.5: 
Agricultural products (area planted 1n ha) and numbers of livestock 1n the Robertson, Swellendam ano Worcester extension 
w~rds. Agricultural census conducted 1981 (Report No's: 06-01-18; 06-01-19, Central Statistical Service 1987) 
l J Agricultural crops- ROBERTSON SWELLENDAM WORCESTER 
Grain Sorgnum 112 31 20 
Wheat 921 36624 1651 ,, 
, Oats 593 7959 961 
Barley 30 6088 192 
Rye 5 325 15 
Lupins 0 30 0 
Beans 6 36 1 
Dry Peas 9 22 15 
Tobacco 0 8 21 
Maize 0 5 6 
2) Fodder & Pastoral crops-
Total 1896 60902 4845 
%of production sold 39.3 21.5 32.5 
Lucerne 95 52961 285 
Lucerne• 1377 2122 2171 
Eragrost1s curvula 0 452 90 
E.curvula• 0 50 1 
Teff 29.4 0 66. 7 
Baba la 2 52 11 
Baba la• 17 39 87 
Grass-legume mixture 0 2929 328 
Grass-legume mixture* 143 218 64 
K1kuya 2 49 86 
Kikuya* 135 154 114 
Prickly Pears 0 4 0 
Salt bush 0 0 52 
Other 113 1872 1506 
Small grain 426 4509 1720 
Tubers 0 0 10 
3l Vegetables-
Potatoes 118 243 296 
Beetroot 1 4 29 
Caul if1 ewer 3 3 4 
Carrots 0 3 11 
Greenbeans 5 11 3 
Green Peas 20 1 87 
Garlick 1 2 
Cucumbers 1 2 1 
Cabbage 5 20 16 
S11eet Potatoes . 1 4 12 
Pumpkins 10 44 38 
Spanspek 6 14 
Bracco 11 0 0 10 
Tomatoes 81 20 42 
Onions 16 20 781 
Sweetcorn & green mealies 1 3 23 
Watermelons 9 3 20 
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4) Fruit & Nuts-
Oranges 0 61 4 
Lemons 0 2 1 
Almonds 1 0 3 
Pecan Nuts 0 0 1 
Peaches/canning 8 28 59 
Peaches/canning* 712 1110 473 
Peacnes/f resh market 0 2 72 
Peaches/fresh market* 78 43 270 
Apricots/canning 5 3 30 
Apricots/canning* 632 336 37 
Apr1cotsif resh market 1 7 0 
apricots/Fresh market* 20 7 8 
Wine grapes 0 86 876 
wine grapes• 6232 2827 12703 
Table grapes 0 0 8 . 
Tables grapes* 17 70 3351 
Grapes for drying 1 0 4 
Gapes for drying• 3 22 29 
Apples/canning 0 0 0 
App 1 es/canning* 0 30 8 
Apples/fesh market 0 0 3 
Apples/fesh market* 2 167 1 i
Pears/canning 0 0 0 
Pears/canning* 19 181 7 
Pears/fresh market 0 0 17 
Pears/fresh market* 0 79 9 
Plums 0 30 2 
Plums• .5 0 160 
Prunes 0 0 10 
Prunes• 3 16 113 
*Products grown under irrigation \remaining products grown under drylana conditions). 
5) Livestock nos-
Cattle: 
Mainly dairy 3194 10282 5629 
Mainly beef 583 4051 2442 
woo 11 ed sheep: 
Karakul 396 10239 95 
Merino 2312 267733 15197 
Meat merino 4476 27257 5406 
Other 2412 12485 8704 
Non-wool led sheep: 
Dor per 2883 20810 15876 
Blackneaded Persian 70 2 23 
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Other 1150 4741 1500 
Goats: 
Angora 361 0 4 
Other 2220 1762 695 
Pigs 3851 3909 10776 
Horses 723 441 532 
Mules g 10 32 
Donkeys 9 28 62 
'Poul try: 
Chickens 151792 6524 11a704 
Turkeys 38 126 94 
Osm ch es 120 231 86 
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Table 3.6: Agricultural products and livestock numbers 1n Worcester, Robertson and Swellendam districts· 1n 1865. 
(Central Statistical Service 18661 
WORCESTER ROBERTSON SWELLENDAM 
Total area 441260.9 196721.2 390720.3 
% cultivated 2.4 1. 8 
ha %Total area ha ~totai area ·ha nota·1 area 
Wheat 1349.7 0. 31 2065.5 1. 05 2886.5 0. 7 4 
Sarley 530.9 0. 12 633.8 0.32 1884.6 0.48 
Rye 495.5 0' 11 '244. 5 0. 12 188 0.05 
Oats ,,. 350.7 0.08 268.5 0. 14 1779.9 (J. 46 
Maize 65.4 0.01 91.2 0.05 42 0.01 
Peas! Beans & Lentils 163.6 0.04 518.8 0.26 97 0.02 
Tobacco 8.9 0.002 41. 6 0.02 37.7 0.01 
Potatoes/Gardens 215.3 0.05 345.2 0' 18 122.9 0.03 
Orchards/Orangeries 785 .8 0' 18 124. 1 0.06 81.8 0.02 
vines 45 7. 1 0. 10 369.6 0' 19 65.3 0.02 
LOO 2.39 1. 84 
L1 vestock nos: 
Horses 3708 2141 4995 
Mules/Asses 363 712 996 
Cattle 11610 7398 11343 
Sheep-
wool led 48075 19281 250586 
Cape 43636 6963 1364 
Goats-
Angora 235 514 3928 
Other 33869 55668 55300 
Pigs 3183 2650 3392 
Ostriches 49 0 0 
*In 1865 Robertson district included the area surrounding Montagu. 
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(1988) estimated the extent of remaining vegetation to be only 
3%. However, certain communities in the Robertson Karoo are 
selectively cultivated above others, i.e. the natural vegetation 
appears to have been selectively cleared along the rivers and 
along the eastern boundary of the study area (Fig. 3.2). It is 
these communities which are severely threatened. This selective 
cultivation of agricultural lands has been documented before in 
other areas (Macdonald 1989, McDowell 1988). 
3.4.2 Agricultural and urban expansion 
3.4.2.1 Agriculture 
a) Decrease in the natural vegetation of the Robertson Karoo -
There has been a rapid decrease in the extent of the natural 
vegetation, primarily as a result of Agricultural' expansion. In 
1865 the major agricultural activity was livestock farming and 
cultivated land played a minor role (only 1. 7.% was cultivated, 
Table 3.6, see Chapter 2). Today a larger percentage of the area 
is under cultivated land and livestock appears to play a smaller 
role in the income of the farmers (Fig. 3.6). Even so, total 
livestock numbers have increased, illustrating the· growing 
pressures on the land. Population growth figures show the 
increase in population in the Worcester, Robertson and 
Swellendam extension wards (Fig. 3.3a), further demonstrating 
the pressures on the available land. This increase in population 
appears to be especially rapid in the extension ward of 
Worcester over the last 10-20 years. 
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Fig 3.5 shows that natural vegetation of both Aan de Dooms and 
K 1 oppersbosch has decreased on 1 y by 6% of the tot a 1 area from 
1942 to 1987. These areas, which occur on the banks of the 
Breede and Nuy Rivers. respectively (Fig. 3.1), had the highest 
percentage of cultivated land in 1942 (Fig. 3.5) and also appear 
to be the earlier settled areas (Table 3.1). Finding the 
Robertson Karoo so dry, the early farmers settled a-long the 
rivers, selectively cultivating these areas; and as already 
noted above, this continues today. 
Although Wandsbeck is situated on the banks of the 
Poesjenelsrivier (Fig. 3.1), this area was not cultivated to the 
same extent in 1942 as Aan de Ooorns and K 1 oppersbosch. Even 
so, the extent of the natura 1 vegetation decreased from 83. 25% 
to 68.17% of the total area (a decrease of 15%) during the years 
studied (Fig. 3.5). 
It appears that in 1942 the Poesjenelsrivier did not provide 
enough water for irrigation and hence cultivation of the land. 
The area under orchards and vineyards increased dramatically 
(Fig. 3.4c) between 1967 ·and 1987 with a corresponding decrease 
in the natural veg~tation (Fig. 3.4 & 3.5c). This· increase 
relates to the construction of Brandvlei Dam in 1970 (Schreuder 
et al. 1988), which is th·e major source of water for irrigation 
today (Table 3.3). 
Farms situated along rivers, as those described above, 
automatically have a right under Roman Dutch Law to water and 
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are only required to pay for the cost of water if a government 
scheme supplies the water to a more convenient place than the 
official outlet pipe. This is not the case with the following 
farms. 
At Koelefontein, Haumanskloof and Middelburg, situated in the 
Worcester and Robertson districts away from the major rivers 
(Fig. 3.1) there was little or no transformation of the natural 
vegetation to cultivated fields. These farms have to pay for the 
water right as we 11 as the . cost of transportation of the water 
(H. Luttig pars. comm.). In addition, the Department Water 
Affairs will only provide water if the scheme will benefit a 
minimum of ten farms (H. Luttig pers. comm.). The agricultural 
potential of these farms is dependent on the future availability 
of water. Fig. 3.5d shows the limited agricultural development 
of Middelburg which is situated away from a major river. 
(Fig. 3.1 does show a river flowing through Middelburg, however 
this river is seasonal providing a minimal volume of water for 
irrigation). 
The above discussion indicates that water is of vital importance 
for the growth of vineyards and orchards and the cultivation of 
crops in the Worcester and Robertson districts in which the 
majority of the area falls. In fact in the Worcester arid 
Robertson extension wards, an average of 82.63% (92.38% -
Worcester and 72.88% - Robertson, Table 3.4) of the cultivated 
lands are under irrigation. Agricultural expansion is therefore 
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limited by the available water in these areas. 
Jan Harmens Gat, situated in the Swellendam extension ward, 
shows the greatest decrease in natural vegetation. This area is 
situated in the east of the study area and receives a higher 
rainfall (>400mmyr-1, see Fig. 4.4 resulting in the cultivated 
fields being grown under dryland conditions). In the east of the 
study area (Swellendam extension ward) 81.34% of the cultivated 
lands are grown under dryland conditions showing that in these 
regions agricultural expansion is not limited by the available 
water (Table 3.4). 
b) Agricultural products of the Middle Breede River Valley -
The cultivation of non-permanent crops in Wandsbeck decreased 
from 1942 to 1987 and these have been replaced almost entirely 
by orchards and vineyards (Fig. 3.5c). This trend seems also to 
\ 
be visible in Aan de Ooorns and Kloppersbosch (Fig. 3.5a & b). 
In discussion with landowners (Table 3.3) and assessment of 
evaluation forms (Table 3.2) it was found that wine grapes are 
now the most important agricultural product, especially in Aan 
de Ooorns and Kloppersbosch. In Wandsbeck wine grapes are 
important, although peaches and apricots are also grown (Table· 
3.2 & Table 3.3). 
In all these farms, livestock are also kept, although in small 
numbers. In Kloppersbosch only enough sheep are kept for the 
own~r's personal use, whereas in both Aan de Doorns and 
Wandsbeck sheep and cattle contribute to the income of the 
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farms. These animals are grazed on the natural vegetation in 
winter and either given supplementary feed in summer or' grazed 
on Pl anted pastures. In the winter, on some farms the sheep are 
also given supplementary feed (Table 3.3). These farmers did not 
appear interested in the carrying capacity of the natural 
vegetation and had not investi.gated veld improvement options. 
This is due to the fact that livestock farming does not provide 
a sufficient economic return. In discussion with agricultural 
experts in the area (N. de Jager, H. de Wet pars. comm.) it 
became apparent that livestock farming is not a major 
agricultural activity and the majority of livestock, especially 
the dairy cows, are grazed on planted pastures. 
In Koelefontein, Haumanskloof and Middelburg, the natural 
vegetation is utilized as rangeland and grazed by cattle, sheep 
and ostriches. ,Again the farmers are not interested in the 
carrying capacity of the vegetation. The income gained from 
these 1 i vestock is not considered important and a 11 these 
farmers had additional farms situated on rivers where the most 
important agricultural activity was wine grapes (Table 3.3). An 
example is Middelburg, which was bought by its present owner in 
198~ as an investment for the future when water becomes 
available for irrigation (P. du Toit pers. comm.). 
In general, for the Worcester and Robertson extension wards, 
which comprise the greater proportion of the study area, the 
income from agricultural products is greatest for wine grapes 
(Fig. 3.6). Deciduous fruits, livestock, cereals and vegetables 
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are other agricultural products which contribute additiona·1 
income (Table 3.5). 
At the farms in the area of Jan Harmens Gat, situated on the 
eastern boundary of the study area, the products are 
predominantly wheat, barley and sheep (Table 3.2). Vineyards are 
restricted to areas of deeper soils (60-80cm deep, this latter 
fact is responsible for the eastern limit of the vineyards in 
the valley as the soils in the Swellendam area are shallow - <30 
cm deep, J. van Zyl pers. comm.). Wheat and barley lands are 
restricted to areas of deeper soils. The only areas of remaining 
natural vegetation are found on the summits of koppies, where 
the soils are too shallow for cultivation (<2-3cm, Mr. Koussiman 
pers. comm.). The sheep, usually meat merino, graze on the 
natural vegetation for limited periods of the year. The graz.ing 
value of the natural vegetation is regarded by the Department of 
Agriculture as uneconomical for the purpose of rangeland. The 
carrying capacity in the east of the study area is, however, 
higher (1 small stock unit to 4-5ha; Mr. Koussiman, pers. comm.) 
than in the Worcester and Robertson districts (1 small stock 
unit to Sha, B. Bayer pers. comm.) 
In conclusion, the most important agricultural products are 
wine grapes and wheat which both cause the total destruction of 
the natural vegetation. A study of the aerial photographs of the 
areas revealed very few non-permanent and no permanent fields to 
lie fallow. In fact Kloppersbosch was the only area where the 
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extent of the natural vegetation ·increased slightly from 1967 to 
1987 (Fig. 3.4) as a result of certain non-permanent fields 
lying fallow. The above suggests that agricultural expansion in 
this area usually results in the irreversible destruction of 
the natura 1 vegetation. 
c) Agricultural expansion and the future -
It should be noted that there is plentiful irrigable land 
remaining for future agricultural expansion (survey conducted in 
1978; Schreuder et al. 1988). But, agricultural expansion is 
limited by the availability water in the Worcester and Robertson 
districts. Thus agricultural expansion is dependent on: 
i) cost of water 
Until now the Worcester/Robertson valley has received water 
as a basic provincial right, farmers only paying a few cents 
per kilolitre for the privilege (H. Luttig pers. comm.). With 
the cost of the expansion of the Greater Brandvlei Dam, the 
price of additional water has increased a hundredfold (H. Luttig 
pers. comm.). At present the dam is 42% full from natural inflow 
from the Smalblaar and Holsloot Rivers (Schreuder et al. 1988). 
If the demand for water increases, a pump scheme from the Breede 
River will further increase the capacity of the dam which, in 
turn, will further raise the price. With· the present poor 
economy and low prices for crops, the cost of irrigating a field 
is uneconomical (N. de Jager, H. Luttig, J. Piaget pers. comm.). 
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ii) Market 
Even if the water were free, there would be a problem with 
selecting a suitable crop to plant, since most of the area's 
agricultural products such as wine, peaches, apricots and wheat, 
are in oversupp 1 y. Thus, at present there is a trend to find 
alternative agricultural products (H. de Wet, N. de Jager pers. 
comm.). 
Although growing vegetables may appear on the surface to be a 
suitable line of action, the market for them is relatively 
unstable compared with that for wine grapes and canning peaches 
and are therefore less attractive to farmers (H. de Wet pers. 
comm.). In the light of this agricultural officers in the area 
(H. de Wet, N. de Jager pers. comm.) advise farmers not to 
expand their existing agricultural lands, but to concentrate on 
increasing unit production per ha or per allocated water. 
It is concluded from this that it is not the water per.se which 
limits cultivation, but the cost of water and the market for 
agricultural products grown in the Worcester and Robertson 
districts. 
In the east of the study area, agricultural expansion is limited 
to areas of deeper soi ls and the technology has not as yet been 
developed to plough the areas of remaining natural vegetation. 
These farms have also been affected by the oversupply of wheat 
and the majority of the cu 1 ti vated lands are at present under 
barley. 
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Agricultural expansion at present does not appear to pose any 
great immediate threat to the remnant vegetation. However, if 
the situation changes, the remaining low-lying areas of high 
agricultural potential will be cleared. The expansion of 
agricultural fields is determined by the prevailing agro-
. technology and economic conditions. If these suddenly change, 
virgin land wi 11 be ploughed up. Agricultural expansion could be 
depicted by a series of steps control led by sudden changes in 
the various limiting factors, e.g. the economic conditions, 
water availability and the agro-technology. The latter factor, 
e.g. new concepts in ploughing, erosion prevention, fertilizers 
and their application, farm machinery design and crop breeding 
techniques, would result in the cultivation of marginal and non-
arable lands previously considered unsuitable for cultivation 
(McDowell 1988). 
d) Importance of fire -
The farms in the Worcester and Robertson districts are situated 
in the karroid veld and ecotonal zones where fire does not 
appear to be an important ecological factor (Table 3.3). In 
general, veld burning is not a feature of Karoo vegetation (see 
Chapter 2). 
The farms on the eastern boundary of the map showed the only 
evidence of veld burning (Fig. 3.~e).and the incidence of it 
appears to have been drastically reduced since 1942. According 
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to Koussiman (pers. comm.), veld burning today is control led and 
farmers are allowed to burn only every 5-8 years. 
3.4.2.2 Urban expansion 
The municipal areas cover· less than 5% of the study area, 
indicating that they pose a small threat. However, the 
population of the Middle Breede River valley is growing rapidly 
(Figs. 3.3a & b). The urban area with the greatest population is 
Worcester followed by Robertson, Ashton, Bonnievale, McGregor 
and Drew (Fig. 3.3b). The extent of the urban area of Worcester, 
has increased in the last 13 years (Fig. 3.7). The flora around 
Worcester is very diverse as a result of the complex geology and 
at least 13 threatened species occur there (see Capter 5). The 
areas under greatest threat are those within the municipal 
boundaries of Worcester. 
Urbanization in general may play an increasingly important role. 
There are plentiful underground water reserves in the 
Worcester/Robertson area, but water quality is low and too 
saline for agricultural purposes. However, this water is 
adequate for urban development. Worcester, and in fact the whole 
of the middle Breede River valley, is highly suitable for urban 
development (B. Gasson pers. comm.), because there is plentiful 
water· and the valley is situated 100 'km from Cape Town. In 
' 
addition, urban development of the middle Breede River valley 
would perhaps help to alleviate the pressure on the Cape 
Peninsula (B. Gasson pers. comm.). 
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3.4.3 Other potential threats 
Aliens infestations are not common in the Karoo vegetation apart 
from along ri~ers where Sesbania and Acacia infestation are a 
concern (Table 3.3). 
Another potential threat is mining. Although mining is vary 
localized, it selectively threatens those plant communities 
), 
growing on a substrate which has the economic potent i a 1 to be 
mined. At present there is a 1 ime quarry at Langevlei, NW of 
Robertson. At least 4 rare species occur in this area (see 
section 5.3.2) .. In addition, there is a large quarry at 
Brewelskloof, north of Worcester. 
3. 5 CONCLUSIONS 
On the basis of the areas studied, the farms in the Robertson 
Karoo can be divided into three categories with the following 
characteristics: 
1) Farms with~ high percentage of land under vinev·ards ~ 
orchards. 
These are located on a river. Livestock farming is regarded as 
a minor source of income. The livestock present, however, are 
generally not grazed on the natural veld continuously and 
either receive additional fodder or they are grazed on planted 
pastures. The natural veld is generally under-utilized. e.g. Aan 
de Doorns, Kloppersbosch and Wandsbeck (Fig. 3.5a, b & c). 
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2) Farms with little or no land under cultivation. 
These areas are situated at a di stance from rivers. Furthermore 
these farms do not yield a high income for the owners, who in 
all three cases own additional farms located on a river. e.g. 
Mi dde 1 burg, Koe 1 efontei n and Haumansk 1 oof (Fig. 3. 5d). 
On these farms the available water is a limiting factor for 
future agricultural expansion. 
3) Areas situated on the eastern boundary of the study area, 
situated mainly in Renosterveld. 
A high percentage of the area is under dryland cereals. 
Livestock are of importance although they mainly graze on 
planted pastures. The cultivated lands are limited to areas of 
deeper soils. e.g. Jan Harmens Gat (Fig. 3.5e). 
The above shows that the major threat, i.e. the expansion of 
cu 1 ti vated 1 ands, genera 11 y i nvo 1 ves tot a 1 and often 
irreversible destruction of the natural vegetation. At present, 
with the high price of irrigable water and a poor market for 
products, agricultural expansion is less of a threat than 
previously. This situation is volatile and could change at any 
time, thus such expansion remains a serious threat. 
Alien infestations are severe only along the rivers and the 
vegetation of the majority of the remaining low lying river 
flats has been severely reduced. Fire is not an important 
feature across much of the Robertson Karoo. Urbanisation and to 
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a lesser extent mining are important localized threats. 
Conservation measures require that urgent attention be focused 
on habitats which are immediately threatened: 
i) The low lying vegetation surrounding Worcester 
ii) The remaining low lying flats and the areas of high 
agriculture potential (see Chapter 4). 
iii) Low lying river flats which are threatened by alien 
infestations. 
iv) Communities growing on a substrate which has the economic 
potential to be mined. 
Chapter 4 which follows provides a quantitative assessment of 
the largest threat to the remaining natural vegetation, i.e. 
agriculture. 
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CHAPTER 14: THE CALCULATION OF 
AGRICULTURAL THREAT INDICES FOR THE 
ROBERTSON KAROO 
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4.1 INTRODUCTION 
As acknowledged in Chapter 3, agriculture is the largest threat 
to the continued existence of the Robertson Karoo. Although 
large scale agricultural expansion is regarded as currently 
unlikely, it is nevertheless important, as an aid to future 
conservation planning, to identify those areas which have a high 
agricultural potential and are thus threatened by future 
agricultural expansion. 
It is well known that some areas are more "arable" (more 
suitable for a particular agricultural activity) than others. 
Bennett (1958) noted that the progress or decline of nations 
and civilizations is linked to the vital factor of "good land" 
availability. Scotney (1971) suggested that soils provide the 
only reliable basis for developing a land capability (land 
potential) classification. Soil texture, depth and, to a lesser 
extent, nutrients form the basis of the agricultural potential 
of a certain area. Although modern fertilizers can compensate 
for nutrient. deficiencies, fertilizing is an additional expense. 
Precipitation and slope gradient are additional physical 
constraints in the cultivation of new lands (Scotney 1971). In 
the absence of the necessary precipitation, water must be 
available for irrigation. Irrigation is not- always feasible as 
it increases the cost of managing a particular cultivated area. 
Steep gradients are also unfavourable, as they are susceptible 
to soil erosion (McDowell 1988) and generally have shallow 
soils. Added to this, is the physical difficulty of ploughing, 
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steep s 1 opes. 
It was decided that a numerical measurement of the agricultural 
potentials (or threats) in the study area could be derived 
using the above-mentioned physical constraints, i.e. soil 
quality, slope gradient and precipitation measurements. These 
agricultural threat indices, worked out for the entire study 
area, will then be tested to see how they can predict future 
agricultural expansion. 
4.2 MATERIALS AND METHODS 
Before the procedures used are documented, the rationale behind 
' the methodo 1 ogy is discussed. 
4. 2 .1 Discussion of rationale 
To derive agricultural threat indices for the Robertson Karoo, 
it is necessary to divide the area into a number of units. The 
smaller the units; the higher the number and therefore the 
greater the resolution obtained in predicting the likelihood of 
clearance for agriculture. The most obvious characteristic on 
which' the divisions should be based, since conservation of the 
natural vegetation is the ultimate aim, is the different 
vegetation types. 
The only comprehensive vegetation survey conducted in the 
Robertson Karoo was Joubert's work (1968, see section 1.4.5). 
Whilst this survey provided an overview of the vegetation, 
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dividing it into eight communities, it did not show the 
enormous variations occuring within these communities. An 
example of this is the distinctly different species compositions 
at Worcester Veld Reserve and Vrolijkheid Nature Reserve 
(personal observations), although both these areas occur in the 
vegetation communities described by Joubert (1968) as Euphorbia 
mauritanica and Pteronia paniculata com~unities. Researchers 
(B. Bayer, C. Burgers pers. comm.) concluded that Joubert's 
(1968) communities were too broad for developing a conservation 
strategy. 
It would seem that the solution to this would be simply to 
generate a contemporary, natural vegetation m~p with the 
required detail and use this in the division of the study area. 
However producing such a map wou 1 d be unfeas i b 1 e because of the 
amount of time and field work necessary. Therefore a quick, yet 
reliable method of classifying the vegetation of the Robertson 
Karoo needed to be found. 
Such a method would .be to classify the vegetation using 
env i ronmenta 1 con st ra i nts s i nee : 
1) plants are indicators of the conditions under which they 
grow, they can serve as an index for soil and climate (Jarman et 
al. 1983). Considering the reverse may also yield predictions 
about p 1 ant communities, viz: if one considers the edaph i c and 
climatic nature of an area it may be possible to predict what 
type of plant community naturally occurs there. 
2) these environmental conditions can be used to divide the 
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entire study area into "natural area units". Agricultural threat 
indices can be calculated for each unit and it would then be 
possible to test statistically the percentage of remaining 
vegetation in each unit against its corresponding agricultural 
threat index. This would establish if .the indiqes correlate with 
past agricultural clearance in a particular unit, and therefore 
if they could be used to predict the likelihood of future 
agricultural expansion. 
It was decided to use this method, and the first step was to 
determine the environmental constraints. likely to be important 
in the natural vegetation patterns of the Robertson Karoo. 
Karroid ecosystems are characterized by low annual rainfall 
(Hoffman & Cowling 1987), whereas fynbos, excluding 
renoster.veld, is characterized ·by a higher rainfal 1. In this 
region a mean annual precipitation of above 600mm will indicate 
the prevalence of fynbos communities (Campbell 1985). However, 
geology is also recognized as an important determinant of 
vegetation type in the winter rainfall region (Bayer 1984, Moll 
& Bossi. 1984), w~ereas at the microscale, different soils are 
associated with distinct floral associations. ·sayer (1984) noted 
that geology, and hence soil, overrides all the other, ecological 
factors which operate in determining vegetation composition in 
the winter ra.infall region. Stebbins (1952) noted that in more 
arid regions (such as the Robertson Karoo), local diversity in 
topography, ·soil, etc. has a relatively greater effect on the 
character and composition of the vegetation than in more mes i c 
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regions. 
After consulting the available relevant literature (Bayer 1984, 
McDowell 1988, Moll & Bossi 1984, Stebbins 1952, Thwaites & 
Cowling 1988) and in discussion with various researchers (C. 
McDowell, B. Bayer pers. comm.), geology and soil were 
determined as being the principal factors delimiting particular 
floral associations in the Robertson Karoo. In addition, because 
the geology and soil of the area are highly diverse, the units 
derived f ram these parameters would be sma 11 enough td separate 
out the different aspects of slope etc. Therefore it was decided 
to base the div is i ans on a re as of different gee logy and soi l . 
Finally, for greater resolution, the critical 600mm 
precipitation isohyet was used to divide Fynbos (>600mm) from 
Karoo and Renosterveld (<600mm). 
4. 2. 2 Procedure 
Four procedures were followed: 
a) Division of the entire Robertson Karoo into cohesive. "natural 
area units" on the basis of geology, soil and precipitation 
b) Derivation of agricultural threat indices for each of the 
"natural area units" using soi 1 quality, slope gradien·t and· 
precipitation as parameters 
c) Determination of the remaining natural vegetation in each 
unit 
d) Stat i st i ca 1 ana 1 ys is of the effectiveness of the indices in 
predicting the likelihood of each area's clearance for 
agriculture 
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4.2.2.1 Environmental information 
To.achieve the above it was necessary to obtain relevant 
environmental information. Thus, 1:250 000 geology, soil, relief 
and precipitation maps were obtained for the study area tsee 
Figs 4.1, 4.2, 4.3, 4.4 respectively). 
a) Geology 
The geology map was obtained from : 
( i) An unpublished report which covers the study area west of 
200E (Gree ff 1978). 
(ii) The remaining area east of 20° was obtained from the 
unpublished 1:250 ooo geological maps of Ladismith and 
Riversdale produced by Geological Survey, Bellville. 
b) Soi 1 
The soil map was drawn usin·g information obtained from the 
Soils and Irrigation Research Institute, Elsenburg: 
(i) 1:250 ooo soil association map of the Breede River valley 
compiled by F.Ellis, B.H.A. Schloms, R.B. Rudman and A.B. 
Oosthuizen, Map nr. 12042 (1979). 
(ii) 1:250 000 Riversdale and Ladismith unpublished soil maps 
compiled by F. Ellis and B.H.A. Schloms. 
c) Relief (i.e. slope gradient) 
The relief map was drawn from the following topographic maps: 
(i) 1:250 ooo - 3319 Worcester (3rd ed.; 1980) 
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(ii) 1:250 000 - 3320 Ladismith (3rd ed.; 1985) 
(iii) 1:250 000 3420 Riversdale (4th ed.; 1985) 
d) Precipitation 
The map was obtained from the following precipitation maps: 
(i) 1:250 ooo map - 3319 Worcester (1st ed.; 1966) 
(ii) 1:250 ooo map - 3320 Ladismith (1st ed.; 1966) 
(iii) 1:250 000 map - 3420 Riversdale (1st ed.; 1966) 
4.2.2.2 Division into "natural area units" 
A transparency of the 1:250 000 soil map (Fig.4.2) was drawn and 
overlaid on the 1:250 000 geology map (Fig.4.1). Areas of 
different geologies were then drawn onto this overlying 
transparency. Soil and geology distributions virtually matched, 
but the boundaries of some of these regions overlapped to a 
small degree and it was necessary to simplify them on the 
transparency by drawing a single line through the overlapping 
areas. The areas were further divided into those below the 
600mm precipitation isohyet (Karee and Renosterveld) and those 
areas above this isohyet (Fynbos) (Campbell 1985). 
4.2.2.3 Agricultural threat indices 
The agricultural threat to each "natural area ,unit" was 
calculated using the fol lowing formula (This method was adapted 
from McDowell (1988) who assessed the agricultural threat to 
remnant is 1 ands of West Coast Renoste rve 1 d): 
AT= SQI*PI*GI 
where 
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AT = Agricultural Threat 
SQI = Soil Quality Index for each area 
PI = Precipitation Index for each site 
GI = Slope Gradient Index for each site 
The three indices were multiplied as there is no indication that 
one factor shou 1 d be weighted above the others ( McDowe 11 1988). 
For the purpose of this calculation all other parameters were 
assumed equal . 
a) Soil Quality Index 
By consulting experts in the field (Drs W. Bond, W. Stock & E. 
Witkowski pers. comm.), the sixteen different categories of 
soi ls occurring in the middle Breede River valley were fitted 
into the 11 working units used by McDowell (1988), see Table 
4.1. He rated the agricultural potential of each soil unit on a 
scale of 1-100 for the south western Cape. The agricultural 
potential of each soil unit was used as the soil quality index. 
b) Slope Gradient Index 
Slope gradients were obtained for each of the "natural area 
units". by averaging the slope found (along lines perpendicular 
to the contour lines) at several points along the entire length 
of the area. As a decrease in ploughed lands occurs only at 
gradients greater than 20% (McDowell 1988), each area was 
categorized into low (0-20%), medium (>20%-40%) and high (>40%) 
slope gradient classes. The slope gradient index (GI) for each 
class was calculated by taking the inverse of the median of the 
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its areas at a distance from the rivers (Fig 4.6). These areas, 
as expected, have a higher percentage of remaining vegetation 
(Table 4.4). 
On average the amount of remaining vegetation for all of the 
above classes (Classes 2-5) is approximately 50%. However, the 
variations from the expected in these classes appear to be 
related to the distance of these areas from a river, i.e. a 
water source for irrigation. Other variations can be explained 
by urbanization and mining to a limited extent. 
Areas with a threat index of less than 500, as experited, are not 
cultivated to any extent (Table 4.4). The majority of these 
areas correspond to hilly regions within the study area and to 
the mountains in the North, West and South. 
4.3.6 Spearman rank correlation 
Before the statistical analysis was performed, areas not used for 
agriculture were removed from the data set, i.e. all the large 
areas owned by the Worcester and Robertson Municipalities, 
Department of Water Affairs and Department of Prisons. The 
Spearman rank correlation shows that the agricultural threat 
indices are significantly correlated with the past clearance of 
the vegetation (rs(2)=0.6025; P<0.001). Therefore, these 
agricultural threat indices can predict the likelihood of 
agricultural expansion in a certain area. 
106 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
fable 4.i: Soil quality rating 
Average 
Agricultural 
Potential 
Rating (HOOJl 
93 
84 
65 
53 
39 
38 
35 
34 
21 
20 
2 
l McDoNell 1988 
% soil unit 
under natural 
vegetation 
50.00 
37. 78 
57. 22 
40. 92 
30.42 
23. 47 
63.32 
59.28 
24.98 
75.98 
93.55 
uescription of Soil Unit Soii Type NO. 
Red & yellow weli drained apedai soil 1-10 
e.g. Hutton, Clovelly, Avalon, & 8ainsvlei 
ury to moderately drained non-saline alluvial soii 24 
e.g. Oakleaf, Dundee 
ueeper residual soil li 
e.g. Glenrosa, SNartlana inot red BJ, 
Sterkspruit (not red BJ 
Red duplex soil ll-15 
e.g. Shortlands, Swartland, Strekspruit, Vaisrivier 
Relative wet duplex soil 18-21 
e.g. Kroonstad, Escourt 
Wet non-saline alluvial soil 25 
e.g. Westleigh, Avalon, Oakleaf 
Shallow residual soil 16 
e.g. Mispah, Glenrosa, Swartland 
Sandy acid soil 27 
e.g. Fernwood, Constan~ia, Lamotte 
Saline alluvial soil 26 
Talus material with undifferentiated rock 29 
Rocky outcrops 30 
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slope gradient range e.g. Class (0-20%) : GI = (0+20)/2)-1 = 
0.1. It was decided to invert the median because of the apparent 
inverse relationship between slope and the area of virgin land 
ploughed. 
c) Precipitation Index 
A transparency of the 1:250 000 precipitation map was laid over 
the map of the "natural area units" and the following method was 
used to calculate the precipitation index (PI) in each unit. 
A line was drawn through each unit perpendicular to the 
surrounding isohyets to give two points on the unit's boundary. 
The precipitation at each of these points was estimated from the 
surrounding isohyets (using a weighted average). The median of 
the precipitation at these two points was then used as the 
precipitation index (PI). 
4.2.2.4 Remaining natural vegetation in each "natural area unit" 
A map was drawn up showing the extent of the remaining natural 
vegetation in each "natural area unit" (a map of the remaining 
natural vegetation was obtained from Fig. 3.2, Chapter 3). The 
extent' of each "natural area unit" and the extent of that unit 
under' remaining natural vegetation was calculated using a 
Summagraphics Digitizer connected to a AO Table. This enabled 
the percentage remaining natural vegetation to be worked out for 
each unit. 
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4.2.2.5 Statistical analysis 
The relationship between the agricultural threat indices and the 
past clearance of the vegetation was then statistically- tested 
using a Spearman rank correlation, as this method is non-
parametric and therefore does not assume that the data has a 
normal distribution. 
4.3 RESULTS AND DISCUSSION-
4. 3.1 "Natural a~ea units" and the percentage remaining 
vegetation in each unit 
Dividing the Robertson Karoo resulted in 275 areas (Fig. 4.5) 
depicting 227 different soil, geology and rainfall combinations. 
In Table 4.2 the percentage of remaining natural vegetation in 
each area is shown. 
4. 3. 2 Soi 1 type 
The percentage of each soil unit under remaining natural 
vegetation (Table 4.1) shows that soil type no's 1-10, 24, 11-
15 to be the extensive 1 y cu 1 ti vated. A 11 these above soi 1 types 
are regarded as having a high agricultural potential (potential 
>52), and, as expected, appear to be selectively cultivated. 
However, soil types 25 (wet non-saline alluvial soil) and 26 
(saline alluvial soil), which have a relatively low agricultural 
potential, are also extensively cultivated (Table 4.1). Less 
than 39% of the three alluvial soil types (24, 25, 26) are 
covered by natural vegetation. This is a lower than for the 
majority of the soil types, indicating that these areas are 
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Table 4.2: Agricultural tnreat indices ranked from highest to lowest 
-----------
Area no.* area tm'J area under % area under Geology Soi 1 · SP., Ra inf all Gradient AGRICULTURAL 
natura 1 veld natura 1 veld THREAT 
iNOEX 
-------------------------
1 2107500 1259062.5 59. i4 Bokkeveld group 3 93 i25 o. 1 6742.50 
2 7446562.5 0 0.00 Bokkeveld group 24 84 700 0. 1 5880.00 
3 371250 0 0.00 Bokkeveld group 24 84 650 0. I 5460.00 
4 1493750 0 0.00 Bokkeveld group 3 93 525 0 .1 4882.50 
5 3274687.5 0 0.00 Bokkeveld group 24 84 525 0' 1 4410.00 
6 26605312.5 8255187 31.03 Bokkeveld group 24 84 475 0' 1 3990.00 
7 3070937.5 0 0.00 Bokkeveld q~oup 12 53 625 0' 1 3312.50 
8 6160937 .5 3670312.5 59.57 Bokkeveld group 12 53 625 0. 1 3312.50 
9 667500 280312.5 41. 99 Bokkeveld group 12 53 625 0. 1 3312.50 
10 1046660 372812.5 35.62 Malmesbury formation 24 84 375 0. 1 3150.00 
11 468750 0 0.00 Bokkeveld group 12 53 575 0' 1 3047.50 
12 360625 360625 100.00 Malmesbury formation 11 53 500 0' 1 2650.00 
13 2760625 331275 12.00 Ail UV ium 1 7 65 400 0' 1 2600.00 
14 4017187.5 0 0.00 Bokkeveld group 17 65 400 0' 1 2600.00 
15 2272500 1324375 58' 28 . Bokkeveld group 3 93 275 o. 1 2557.50 
16 11379687.5 9364562.5 82.29 Malmesbury formation 16 35 725 0' 1 2537 .50 
17 28741875 9451562.5 32.88 Bokkeveld group 12 53 475 0 .1 2517.50 
18 1031250 1031250 100.00 Alluviu11 25 38 650 0 .1 2470.00 
19 1875000 1055937.5 56.32 Bokkeveld group 2i 34 725 0.1 2465.00 
20 1447812.5 1447812.5 100.00 Biotite eumte 16 35 675 0. 1 2362.50 
21 964687.5 0 0.00 Bokkeveld group 5 93 250 0.1 2325.00 
22 1797187.5 1491937.5 83.02 Bokkeveld group 5 93 250 0' 1 2325.00 
23 2553437.5 1274687.5 49.92 Alluvium 6 93 250 0. 1 2325.00 
24 6110625 2788125 45.63 Alluvium 5+6 93 250 0. 1 2325.00 
25 9445625 4050312.5 42.88 Alluvium 6 93 250 0 .1 2325.00 
26 1397187 .5 0 0.00 Alluviu1 6 93 250 0' 1 2325.00 
27 3284375 270312.5 8.23 Al luviu11 5 93 250 o. 1 2325.00 
28 1742187.5 793125 45.52 All uviu11 5 93 250 0' 1 2325.00 
29 4344375 2741562.5 63.11 Alluvium 5 93 250 0. I 2325.00 
30 3263750 1495937.5 45.83 Alluvium 5 93 250 0' 1 2325.00 
31 3261562.5 1596250 48.94 Alluvium 3 93 250 0.1 2325.00 
32 2657187.5 270312.5 10. 17 A 11 uvium 10 93 250 0. 1 2325.00 
33 8783437.5 8783437.5 100.00 Bokkeveld group 6 93 250 0. 1 2325.00 
34 1953125 1552812.5 79.50 Bokkeveld group 9 93 250 0 .1 2325.00 
35 87425625 38430937.5 57.00 Al luviu1 24 84 275 o. 1 2310.00 
36 894277. 5 501531.5 56.08 Ecca group 24 84 275 0' 1 2310.00 
37 2977300 199000 6.68 Witteberg group 16 35 ' 650 0 .1 2275.00 
38 348750 139500 40 Malmesbury formation 16 35 650 0.1 2275.00 
39 661562.5 661562.5 100.00 Table mountain group 16 35 625 0.1 2187 .50 
40 1585937.5 668125 42. 13 Bokkeveld group 16 35 625 o. 1 2187.50 
41 5567812.5 4768125 85.64 Bokkeveld group 12 53 400 o. 1 2120.00 
42 2134687.5 1117187.5 52.33 Bokkeveld group 12 53 400 o. 1 2120.00 
43 1701562.5 286875 16.86 Enon conglomerate 11 53 400 o. 1 2120.00 
44 5232812.5 2260312.5 43. 19 Witteberg group 12 53 400 0' 1 2120.00 
45 11123906.25 990000 8.90 Enon conglomerate 13 53 400 o. 1 2120.00 
46 314375 . 314375 100 Alluvium 24 84 250 0' 1 2100.00 
47 41070625 9760625 23. (7 Alluviu1 24 84 250 0 .1 2100.00 
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48 277812.5 0 0.00 Malmesbury formation 16 35 575 0' 1 2012.50 
49 20318750 13240312.5 65' 16 Ecca group 12+13 53 3i5 0' 1 198; '50 
50 3038125 1487812.5 48.97 Ecca group 12 53 375 0' 1 19Bi.50 
51 1350000 1300000 96.30 Alluvium 17 65 300 0' 1 1950.00 
52 207500 0 0.00 Alluvium 16 35 550 0' 1 1925.00 
53 3031875 1495625 49.33 Witteoerg group 16 35 550 0' 1 1925.00 
54 1003750 600000 59.78 Maimesbury formation 16 35 550 0' 1 1925.00 
55 2206562.5 0 0.00 Al luv1um 3 93 200 0' 1 1860.00 
56 13171875 2520312.5 19' 13 Ai iuv1um 5 93 200 0' 1 1860.00 
57 5330312.5 2369375 44.45 Alluvium 5 93 200 0. I 1860.00 
58 3839687.5 1021250 26.60 Dwyka group 5 93 200 0' 1 1860.00 
59 3723750 795000 21. 35 Alluvium 3 93 200 0' 1 1860.00 
60 6145625 6137812.5 100.00 Maimesbury formation 16 35 525 0' 1 1837.50 
61 1801250 1801250 100.00 81otite eucrite 16 35 525 0. I 1837.50 
62 4155000 4155000 100.00 Table mountain group 16 35 525 0. 1 1837.50 
63 35939375 5151033 14.33 A 11 uvi URI 15 53 343.75 0. 1 1821 .88 
64 15960000 3978437.5 24.93 Bokkeveld group 17 65 850 0.0328 1812.20 
65 8396250 7436875 88.57 A 11 uviu111 · 17 65 275 0' 1 178 i '50 
66 1890625 0 0.00 Witteberg group . 16 35 500 0' 1 1750' 00 
67 10811562.5 1626639.75 15.05 Witteberg group 16 35 500 0. 1 1750.00 
68 19538125 8594375 43.99 DwyKa group 12 53 325 0 .1 1722.50 
69 55257812.5 14578687.5 26.38 Alluvium 12+13 53 325 0. 1 1722.50 
70 2666562.5 450937.5 16' 91 Alluvium 24 84 200 o. 1 1680.00 
71 2613125 0 0.00 Alluvium 24 84 200 0. 1 1680.00 
72 54 77500 410,5312.5 74.95 Bokkeveld group 16 35 475 0.1 1662.50 
73 8525000 1105937. 5 12.97 A I l uv1um 16 . 35 4i5 0' 1 1662.50 
74 4464375 4464375 100 Ecca group 17 65 250 o. 1 1625.00 
75 4131875 3321562.5 80.39 Bokkeveld group 1i 65 250 0 .1 1625.00 
76 7866250 6475000 82.31 Bokkeveld group 17 65 250 0' 1 1625.00 
77 20906875 4905937.5 23.47 A I luvium 25 38 425 0. 1 1615.00 
78 3189062 0 0.00 Alluvium 15 53 300 0. 1 1590.00 
79 16806562.5 604687 .5 3.60 Alluvium 15 53 300 0' 1 1590.00 
80 3288750 2013125 61. 21 w1tteberg group 12 53 300 0. 1 1590.00 
81 7166250 0 0.00 Ecca group 12 53 300 0. 1 1590.00 
82 19891250 13138750 66.05 Alluvium 12 53 300 . 0. 1 1590.00 
83 8603125 4537187.5 52.74 Dwyka group 12 53 300 0' 1 1590.00 
84 3154687.5 2441250 77. 38 Bokkeveld group 12 53 300 0 .1 1590.00 
85 1629062.5 237812.5 14.60 Malmesbury formation 12 53 300 0' 1 1590.00 
86 19185937.5 9537750 49.71 A 11 uvi um 12+13 53 300 0. 1 1590.00 
87 16847187.5 1684718.75 10.00 Alluvium 18/20+25 39 400 o. 1 1548.00 
88 9642812.5 1999062.5 20.73 Bokkeveld group 16 35 425 0. 1 1487.50 
89 17233375 8322037. 5 48.29 Bokkeveld group 16 35 425 0' 1 148i .50 
90 12038125 2755937.5 22.89 Bokkeveld group 16 35 425 0.1 1487.50 
91 2038437.5 2038437.5 100.00 Enon conglomerate 16 35 425 0. 1 148 7. 50 
92 19592187.5 12964250 66' 17 Table mountain group 16 35 425 o. 1 1487.50 
93 17583125 6319062.5 35.94 w1tteberg group 16 35 425 0. 1 1487.50 
94 5878125 1273750 21. 67 Alluvium 16 35 425 0 .1 1487. 50 
' 95 7619375 5572187 .5 73. 13 Enon conglomerate 17 65 225 0 .1 1462.50 
96 10043750 9725312.5 96.83 Ecca group 12 53 275 0. 1 1457.50 
97 4650000 4103125 88.24 Bokkeveld group 12 53 275 0. 1 1457.50 
98 9071250 1586250 17 .49 A 11 uvi u111 12 53 275 0. 1 1457. so 
99 24711250 4779062.5 19.34 A 1 luvi u111 11 53 268.75 0. 1 1424.38 
100 1518125 1518125 100.00 Bokkeveld group 16 35 400 o. 1 1400.00 
101 403120.5 200000 49.61 Enon conglomerate 16 35 400 0. 1 1400.00 
102 3715937.5 2536250 68.25 Bokkeveld group 20 39 350 0 .1 1365.00 
103 891250 0 0.00 Bokkeveld group 17 65 625 0.0328 1332.50 
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104 6424062.5 3897187.5 60.67 Bokkeveid group 12 53 250 0. 1 1325.0C 
105 3305937.5 2975000 89.99 Bokkeveld group 12 53 250 0. 1 1325.00 
106 5090625 0 0.00 Al ·1uvium 15 53 250 0 .1 1325.00 
107 2813437. 5 652187.5 23. 18 A Iluvi um 15 53 250 0. 1 · 1325.00 
108 1967187.5 204375 10.39 A 11 uvi um 15 53 250 0. 1 1325.00 
109 1948437.5 109375 5.61 Alluvium 15 53 250 0. I 1325.00 
110 1251250 514000 41. 08 Alluvium 15 53 250 0. 1 1325.00 
111 5344062.5 0 o.oo Bokkeveld group 15 53 250 0 .1 1325.00 
112 2422812.5 109375 4.51 Bokkeveld group 15 53 250 0. 1 1325.00 
113 2301250 419375 18.22 Bokkeveld group 15 53 250 0. 1 1325.00 
114 2824062.5 475937.5 16.85 A 11 uvi um 15 53 250 0. 1 1325.00 
115 1187812.5 1187812.5 100.00 Dwyka group 12 53 250 0. 1 1325.00 
116 15309062.5 14379062.5 93.93 Dwyka group 12 53 250 0. 1 1325.00 
117 3269375 3269375 100.00 Owyka group 12 53 250 0. I 1325.00 
118 1932500 1289687.5 66.74 Alluvium 12 53 250 0 .1 1325.00 
119 2609062.5 0 o.oo Al luv1um 12 53 250 0. 1 1325.00 
120 1895625 0 0.00 A 11 uvi Ull 12 53 250 0 .1 1325.00 
121 2821875 0 0.00 Enon conglomerate 13 53 250 0' 1 1325.00 
122 7460625 6085937.5 81. 57 All uvi Ull 12 53 250 0' 1 1325.00 
123 3090937 .5 2642812.5 85.50 Enon conglomerate 12 53 250 0.1 1325.00 
124 3205625 1462187.5 45.61 Witteberg group 12 53 250 0. 1 1325.00 
125 2162187.5 1972812.5 91. 24 Ecca group 12 53 250 0. 1 1325.00 
126 1040312.5 1040312.5 100.00 Witteberg group 12 53 250 0' 1 1325.00 
127 9681562.5 8975937.5 92.71 Bokkeveld group 16 35 375 0. 1 1312.50 
128 31514375 22444375 71. 22 Bokkeveld group 16 35 375 o. 1 1312.50 
129 2878437.5 1425000 49.51 Malmesbury formation 16 35 375 0.1 1312.50 
130 6483125 5572500 85.95 Alluvium 16 35 350 0' 1 1225.00 
131 17624687.5 16824687.5 95.46 Ecca group 16 35 350 0 .1 1225.00 
132 26802812.5 8057500 30.06 Bokkeveld group 16 35 350 0' 1 1225.00 
133 5521875 2694375 48' 79 Bokkeveld group 27 34 350 0 .1 1190.00 
134 1228750 851250 69.28 Enon conglomerate 20 39 300 0' 1 1170.00 
135 868437. 5 502500 57.86 Ecca group 20 39 300 0' 1 1170. 00 
136 40502812.5 38207187 .5 94.33 Bokkeveld group 16 35 325 0. 1 1137.50 
13 7 3380156.25 3380156.25 100.00 Bokkeveld group 27 34 325 0' 1 1105.00 
138 24361875 23566250 96.73 Bokkeveld group 16 35 312.5 0. 1 1093.75 
139 4568125 3514375 76.93 Malmesbury formation 16 35 950 0.0328 1090.60 
140 3674687.5 2841250 77. 32 Alluvium 12 53 200 0' 1 1060.00 
141 2426562.5 1850937.5 76.28 Al 1 uvi um 16 35 300 0. 1 1050.00 
142 1385625 671089.5 48.43 Alluvium 16 35 ,300 o. 1 1050.00 
143 5098437.5 4792531.25 94.00 Owyka group 16 35 300 0' 1 1050.00 
144 9919687.5 2688125 27' 10 Enon conglomerate 16 35 300 0. 1 1050.00 
145 129187500 69642500 53.91 Bokkeveld group 16 35 300 0' 1 1050.00 
146 1995937.5 0 0.00 Enon conglomerate 21 39 250 0 .1 975.00 
147 6438125 0 o.oo Dwyka group 20 39 250 0' 1 975.00 
148 850156.25 850156.25 100.00 Bokkeveld group 16 35 275 0. 1 962.50 
149 35939687.5 4824062.5 13.42 Bokkeveld group 16 35 275 0. 1 962.50 
150 3610625 2450937.5 67.88 Enon conglomerate 16 35 275 0.1 962.50 
151 7282500 7282500 100 Ecca group 16 35 275 0' 1 962.50 
152 2200625 1994375 90.63 Dwyka group 16 35 275 0. 1 962.50 
153 3809687.5 3219375 84.50 A 11 UV ium 16 35 275 0' 1 962.50 
154 1520312.5 0 0.00 Alluvium 16 35 275 o. 1 962. 50 
155 8344062.5 0 0.00 Alluvium 29 20 475 o. 1 950.00 
156 3362500 610937 18 .17 Alluvium 25 38 250 0. 1 950.00 
157 5323125 2024687. 5 38.04 Bokkeveld group 26 21 425 0.1 892.50 
158 1918750 0 o.oo Alluvium 16 35 250 0' 1 875.00 
159 7010937.5 6533125 93. 18 Bokkeveld group 16 35 250 0' 1 875.00 
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160 11918750 11918750 100.00 Bokkeveld group 16 35 250 0. 1 875.00 
161 4375000 1907187.5 43.59 A Iluvi u111 16 35 250 0. 1 8i5.00 
162 4738750 3608437.5 76' 15 Alluvium 16 35 250 0.1 875.00 
163 3658750 0 0.00 Alluvium 16 35 250 0' 1 875.00 
164 11000937. 5 11000937.5 100.00 Dwyka group 16 35 250 0. 1 875.00 
165 2495250 0 0.00 Ow yka group 16 35 250 0' 1 875.00 
166 3573906.25 3573906.25 100.00 Dwyka group . 16 35 250 0' 1 875.00 
16 7 16070312.5 16070312.5 100.00 Ecca group 16 35 250 0. 1 875.00 
168 7400000 4048437.5 54.71 Enon conglomerate 16 35 250 0' 1 875.00 
169 2274062.5 2074062.5 91. 21 W1tteberg group 16 35 250 0. 1 875.00 
170 2584687.5 1134062.5 43.88 Dwyka group 27 34 250 0 .1 850.00 
171 1445687.5 578275 40.00 Bokkeveld group 29 20 425 0, I ~50.00 
172 8995000 8353750 92.87 Bokkeveld group 16 35 700 0.0328 803.60 
173 4640625 1998750 43.07 Enon conglomerate 26 21 375 0. 1 787.50 
174 2106875 1189062.5 56.44 Alluvium 16 35 675 0.0328 7i 4' 90 
175 3117812 .5 2727500 87 .48 ·A I luv1um 3 93 250 0.0328 762.60 
176 15022500 12800625 85.21 Bokkeveid group 10 93 250 0.0328 762.60 
177 358750 0 0.00 A 11 uvi Ulll 16 35 650 0.0328 746.20 
178 11248125 7470000 66.41 Enon conglomerate 26 21 350 0. 1 735.00 
179 4951875 1951250 39.40 A Iluv1um 21 39 18 7. 5 0' 1 7 31 . 2 5 
180 140937 .5 140937.5 100 Halmesbury formation 16 35 625 0.0328 717. 50 
181 5594375 4966250 88. 77 Bokkeveld group 16 35 200 0. 1 700.00 
182 1250937.5 752500 60. 15 Ecca group 26 21 325 0. 1 682.50 
183 12784062.5 7234375 56.59 Al luv1um 27 34 200 0. 1 680.00 
184 45442187.5 6819375 15.01 Alluvium 26 21 287.5 0. 1 603.75 
185 18095937.5 2050625 . 11.33 A Iluvi u111 26 21 287. 5 0. 1 603.i5 
186 86707812.5 11686875 13.48 Alluvium 26 21 268. 75 0. 1 564.38 
187 40455312.5 37837187.5 93.53 Alluvium 29 20 275 0. 1 550.00 
188 58 943 7 5 5015312.5 85.09 Ecca group 29 20 275 0. 1 550.00 
189 2374062.5 1445937. 5 60.91 Table mountain group 26 21 250 0. 1 525.00 
190 30350625 17036575 56. 13 Bokkeveld group 26 21 250 0. 1 525.00 
191 7608756 7248437.5 95.26 Witteberg group 12 53 300 0.0328 521.52 
192 1464687.5 1464687.5 100.00 Witteberg group 14 53 300 0.0328 521. 52 
193 618437.5 532187.5 86.05 A Iluviu11 29 20 250 0.1 500.00 
194 2584687.5 1439062.5 55.68 A 11 uvi um 29 20 250 o. 1 500.00 
195 955937.5 318125 33.28 Bokkeveld group 29 20 250 0. 1 500.00 
196 1810000 596718.75 32.97 Alluvium 29 20 725 0.0328 475.60 
197 277812.5 91678. 125 33 Alluviu1 26 21 650 0.0328 447.72 
198 1302812.5 1302812.5 100.00 Alluviu11 12 53 250 0.0328 434.60 
199 8641250 8641250 100.00 Witteberg group 16 35 350 0.0328 401.80 
200 17276875 16307500 94.39 witteberg group 16 35 350 0.0328 401.80 
201 5231562.5 5231562.5 100.00 Witteberg group 16 35 450 0.0167 263.03 
202 7127500 6285937.5 88. 19 Table mountain group 29 20 300 0.0328 196.80 
203 132267187.5 99490000 75.22 Bokkeveld group 30+16 18.5 287. 5 0.0328 174.46 
204 25606562.5 25606562.5 100.00 Witteberg group 30+16 18.5 250 0.0328 151.70 
205 2093750 2093750 100.00 Bokkeveld group 30+16 18.5 ' 250 0.0328 151. 70 
206 7999062.5 7313750 91.43 Malmesbury formation 30 2 700 o. 1 140.00 
207 1001250 1001250 100.00 Malinesbury formation 30 2 625 0. 1 125.00 
208 13653437.5 9555000 69.98 Bokkeveld group 30 2 625 0. 1 125.00 
209 804687.5 169562.5 21.07 Malmesbury formation 30 2 550 0' 1 110.00 
210 380000 380000 100.00 Malmesbury formation 30 2 550 0.1 110.00 
211 16746250 11757812.5 70.21 Malmesbury formation 30 2 450 0 .1 90.00 
212 891250 891250 100.00 Bokkeveld group 30 2 450 0.1 90.00 
213 8096562.5 7630937.5 94.25 Table mountain group 30 2 450 0.1 90.00 
214 3006562.5 2716812.5 90.00 Malmesbury formation 30 2 425 o. 1 85.00 
215 62698125 62698125 100.00 Bokkeveld group 30 2 425 0. 1 85.00 
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216 15319687.5 15319687.5 100.00 Table 1ountain group 30 2 400 0. 1 80.00 
217 11053125 7704375 69.70 Bokkeveld group 30 2 375 0. 1 75.00 
218 8057187.5 4982187.5 61. 84 Enon conglomerate 30 2 375 0. 1 75.00 
219 6740000 6740000 100.00 Dwyka group 30 2 350 0' 1 iO .. 00 
220 35205937.5 35205937 .5 100.00 Table mountain group 30 2 1000 0.0328 65.60 
221 15795312.5 15795312.5 100.00 Ecca group 30 2 300 o. 1 60.00 
222 2670000 2 6 70000 100.00 Ecca group 30 2 300 0. 1 60.00 
223 5076250 5076250 100.00 Dwyka group 30 2 300 0. 1 50.00 
224 5906250 5906250 100.00 Dwyka group 30 2 300 0. 1 60.00 
225 4640000 3066250 66.08 Dwyka group 30 2 300 0. 1 60.00 
226 2754687.5 2185000 79.32 Malmesbury formation 30 2 300 0. 1 60.00 
227 2200000 2200000 100 Alluvium 30 2 275 0. 1 55.00 
228 7515625 6940620.5 92.35 Aliuv1um 30 2 275 0. 1 55.00 
2.29 4917812.5 3664687. 5 74.52 Table mountain group 30 2 762.5 0. 0328 50.02 
230 2990937.5 2990937.5 100.00 Wlttellerg group 30 2 250 0. 1 50.00 
231 23243437.5 23243437.5 100.00 Dwyka group 30 2 250 0. 1 50.00 
232 2735312.5 2304062.5 84.23 BokKeveid group 30 2 250 0. 1 50.00 
233 264687 ,5 264687 .5 100.00 Table mountain group 30 2 750 0.0328 49.20 
234 8387812.5 8387812.5 100.00 Table mountain group 30 2 725 0.0328 47. 56 
235 13461562.5 13461562.5 100.00 iable mountain group 30 2 700 0.0328 45. 92 
236 1755781.25 1755781.25 100.00 Malmesbury formation 30 2 700 0.0328 45.92 
237 1537812.5 1537812.5 100.00 Table mountain group 30 2 675 0.0328 44.28 
238 3742187.5 3742187.5 100.00 Table 11ounta1n group 30 2 650 0.0328 42.64 
239 835781 .25 835781.25 100.00 Table mountain group 30 2 650 0.0328 42.64 
240 753750 753750 100.00 Tabie mountain group 30 2 650 0.0328 42.64 
241 423437 .5 423437.5 100.00 Malmesbury formation 30 2 650 0.0328 42.64 
242 353125 353125 100.00 Halmesbury formation 30 2 650 0.0328 42.64 
243 3404531.25 3404531.25 100.00 Malmesbury formation 30 2 650 0.0328 42.64 
244 504687.5 504687.5 100.00 Halmesbury formation 30 2 625 0.0328 41.00 
245 1840875 1840875 100.00 Malmesbury formation 30 2 625 0.0328 41. 00 
246 187812.5 187812.5 100.00 Halmesbury formation 30 625 0.0328 41.00 
247 3713750 3067812.5 82. 61 - Table mountain group 30 2 625 0.0328 41. 00 
248 1348125 1348125 100.00 Table· mountain group 30 2 625 0.0328 41. 00 
249 1405000 1200000 85.41 Bokkeveld group 30 2 625 0.0328 41. 00 
250 ' 1186875 1186875 100.00 Witteberg group 30 2 625 0.0328 41. 00 
251 666250 666250 100.00 TaDle mountain group 30 2 1100 0.0167 36. 7 4 
252 2522812.5 2522812.5 100.00 Table mountain group 30 2 550 0.0328 36.08 
253 715000 715000 100.00 Table mountain group 30 2 550 0.0328 36.08 
254 1797500 1215312.5 67.61 Alluviu11 30 2 550 0.0328 36.08 
255 490937.5 490937.5 100.00 Owyka group 30 2 475 0.0328 31. 16 
256 26504687.5 24628437.5 92.92 Granite 30 2 475 0. 0328 31. 16 
257 567187.5 567187.5 100.00 Dwyka group 30 2 450 0.0328 29.52 
258 116860000 100043125 85.61 Malmesbury formation 30 2 450 0.0328 29.52 
259 29500625 27605000 93.57 Table mountain group 30 2 450 0.0328 29.52 
260 43168437. 5 42168437.5 97.68 Wittellerg group 30 2 450 0.0328 29.52 
261 104142656.25 101987656.25 97 .93 Witteberg group 30 2 408 0. 0328 26.76 
262 11779687.5 11511250 97. 72 Witteberg group 30 2 400 0.0328 26.24 
263 1127343.75 1127343.75 100.00 Owyka group 30 2 400 0.0328 26.24 
' 264 87535781.25 86456093.75 98. 77 Table 11ounta1n group 30 2 400 0.0328 26.24 
265 1322187.5 1322187 ,5 100.00 Table mountain group 30 2 750 0.0167 25.05 
266 3770000 3770000 100.00 Table mountain group 30 2 725 0.0167 24.22 
267 9135000 9135000 100.00 Malmesbury formation 30 2 700 0.0167 23.38 
268 1453906.25 1453906.25 100.00 Tafelberg group 30 2 650 0.0167 21. 71 
269 916250 916250 100.00 Alluvium 30 2 650 0.0167 21.71 
270 29203750 24683750 84.52 Table mountain group 30 2 325 0.0328 21.32 
271 190000 190000 100.00 Table mountain group 30 2 625 0.0167 20.88 
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272 6130312.5 5752812.5 93.84 W1tteberg group 30 2 300 0.0328 19.68 
273 27246250 27246250 100.00 Witteberg group 30 2 300 0.0328 19.68 
274 4500937.5 4500937 .5 100.00 Table mountain group 30 2 525 0.0167 17 '54 
275 931250 810000 86.98 Table mountain group 30 250 0.0167 8.35 
J 9467500 0 0.00 Brandvle1 Dam 450 0 .1 0.00 
# 3697187.5 0 o.oo Brandvle1 Dam 625 0. 1 0.00 
* see Fig 4. 1 
· Soi 1 type no. 's, see Table 4.1 
• Soi 1 quality rating, see Table 4.1 
J Brandvle1 Dam was exciuded due to lack of information 
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selectively cultivated. Soil types 18-21 are also extensively 
cultivated. However, the reason for this is that these soils 
occur close to rivers and are therefore also selectively 
farmed. It can be concluded, that in the Robertson Karoo where 
agricultural expansion is limited by the available water, those 
soil types (e.g. 25, 26, 18-21), although they are rated as 
having a lower agricultural potential, are favoured for 
cultivation as they have easy access to water for irrigation 
(see chapter 3) . 
4. 3. 3 Slope gradient 
Slope gradient analysis (Table 4.3) shows that around two-thirds 
of the study area has a gradient of less than or equal to 20%. 
Almost one third of the area has a gradient of >20% - 40%, 
whereas only 1% of the area has >40% gradient. As 47% of the 
areas .with a gradient ,5.20% are cultivated, it is evident that 
these areas are more read ly ploughed than the steeper slopes 
Table 4.3: Proportion of study area in each gradient interval and 
percentage remaining natural vegetation. 
Gradient Interval %study area %gradient interval 
in each interval natural veld 
,5.20% 68.56 52.70 
21-40% 30.41 89.47 
>40% 1. 03 99.57 
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(Table 4.3). Above this gradient there is a rapid decrease in 
cultivated lands as a result of the physical constraints in 
ploughing on steep slopes and th~ fact that soils of these 
slopes are shallow and more prone to erosion (McDowell 1988). 
Recent 1 e g i s 1 at i on ( Anon. 1 9 8 4 ) s u pp o rt s t he i de a t h at t he 2 o % 
gradient is an important limit, as above this gradient permits 
for the cultivation of virgin land are unlikely to be granted. 
4.3.4 Precipitation 
Precipitation analysis shows that the majority of the area has a 
mean annual precipitation of around 250 mm .(Table 4.2). For 
agricultural purposes it is generally necessary, therefore, to 
i 
irrigate most of the cultivated lands in the area (see Chapter 
3). Hence, distance from a river or water source is an important 
limitation in the spread of agriculture (Chapter 3). 
4.3.5 Agricultural threat indices 
The agricultural threat indices for the entire study area are 
listed in descending order (Table 4.2). For practical purposes, 
the agricultural threat indices· are divided into 7 classes 
(Table 4.4) and illustrated in Fig 4.6. The remaining natural 
vegetation (Fig. 4. 7) _is presented as an overlay to Fig. 4.6. 
to show the past clearance in relation to the agricultural 
thre~t classes. The total area and percentage remaining 
vegetation in each class is shown in Table 4.2 along with the 
geology, soil type, slope gradient and precipitation of each 
area. 
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Table 4.4: Percentage of each agricultural threat class under 
remaining natural vegetation 
Class Agricultural %study area %class under 
potential in each group natural vegetation 
class interval 
1 >3000 1. 93 26.25 
.2 2000-2999 9.03 45.22 
3 1500-1999 13.67 36.76 
4 1000-1499 20.32 58.85 
5 500-999 17.34 48.15 
6 50-499 17.33 87.76 
7 0-49 20.39 94.34 
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Table 4.4 shows that the threat indices of the 7 classes do 
relate broadly to the past clearance of the natural vegetation. 
Theoretically, the higher the agricultural threat index of an 
area, the lower the percentage remaining vegetation in that 
area. 
It is· apparent from Table 4.4 and Fig 4.6 that there is only a 
small proportion of the study area (1.93%) with high 
agricultural potentials (3000-7000). This is a result of there 
being few areas of fertile soils (soil potential >52) in 
combination with high rainfall (>400 mmp.a.). Fig 4.6 shows that 
most of these areas occur in the west of the study area. As 
expected, a large amount of the natural vegetation other than 
that flooded by Kwaggask l oof Dam, has been c 1 ea red 1 n this 
western sector. The only land not extensively cultivated is that 
owned by Brandvlei Prisons .This is because the Department of 
Prisoris is not managed as a profit making agricultural 
enterprise. 
The threat indices of the !Jlajority (48.05%) of the study area 
are between 500-3000. Many of the areas in this class. have a 
river flowing through them, e.g. The Breede River in the western 
part of the valley as well as the Hex and Nuy Rivers flow 
through areas with indices between 2000-2999. In the eastern 
part .of the valley, the Breede River flows through the areas 
with indices between 500-999. These areas close to the Breede 
River have a lower percentage remaining natural vegetation 
(47.83, Table 4.4). Only Class 4 (indices 1000-1499) has most of 
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4. 4 CONCLUSIONS 
The agricultural threat indices predict the 1 ikel ihood of 
agricultural expansion in a particular area. It is clear that 
the agricultural threat is highest in areas in close proximity 
to rivers. 
McDowell ( 1988) mentions the fact that these threat indices do 
not necessarily have any longer-term significance, i.e. they 
represent contemporary threat according to prevailing economic 
and technological constraints. The advancemen~ of technology; 
e.g. breeding of resistant strains of crops and improved 
irrigation or fertilizing techniques may introduce a set of 
different parameters that may play an important role in the 
agricultural expansion. There is, accordingly, no absolute 
prediction for the agricultural potential of a certain area, as 
other factors can come into play such as the human influence 
which can ultimately override all other parameters. 
These threat indices do, however, correlate significantly with 
past clearance of the natural vegetation, and so the resultant map 
(Fig. 4.6) is of great value in drawing up a conservation plan 
of action for the Robertson Karoo. More immediately, the map is 
used in the following chapter to predict the agricultural threat 
to areas of eco 1 og i ca 1 interest and value. 
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CHAPTER 5: THE IDENTIFICATION OF HIGH 
PRIORITY CONSERVATION AREAS AND THE 
IMPLICATIONS FOR THEIR MANAGEMENT 
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5.1 INTRODUCTION 
This chapter begins with a presentation of the current 
conservation status of the natural vegetation of the Robertson 
Karoo. This is followed by a discussion on. how areas of high 
conservation value can be defined, together with criteria used 
for their assessment. Fina 11 y, recommend at i ens on ·the management 
of these high p~iority conservation areas are discussed. 
5. 1.1 Conservation status 
At present 2.39% of the Robertson Karoo (3.62% of the remaining 
vegetation) is "conserved" (Table 5.1). There is one provincial, 
one local and five private Nature Reserves, one National Botanic 
Garden and one Ve)d Reserve owned by the Department of 
Agriculture (Fig. 5.1). Three State Forest Reserves also border 
on the study area. 
The private nature reserves are not regarded by the Cape 
Department of Nature and Environmental Conservation (CDNEC) as 
having high conservation status, as these are poorly monitored 
following their original assessment by the Department (CDNEC 
pers. comm.). Some view these reserves as only a short -· term 
conservation option (Lloyd 1987). A questionnaire which was sent 
to each of the private nature reserve owners revea 1 ed that the 
current owners, although interested in conserving and managing 
the flora and fauna, had i l l~defined management goals. Various 
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Table 5.1 : Conserved arus in the Robertson Kuoo 
Reserve hae Total area ( k12) Area of natural veld 
(!UJ ( k12) 
Vrol1jkheid 18.27 (18.27) 17 .oo 
Provincial 
Ha tu re Reserve 
Dassieshoek 8.62 (5.17i l.17 
~unmpal! ty 
~ature Reserve 
Karoo Botanic 1.54 11.541 1.29 
Ga;oens 
JonasKoo 18. 71 ( 2 .10) 2.10 
Private HR 
PatrysK!oof 16. 31 \ 2. ol) 2. 24 
Private HR 
DoringKloof S.32 13.991 3. 0 7 
Private HR 
Quaggaskloof 5.82 (5.82) 5. 82 
Private HR 
Goede1oed 19.5 il9.5) 19. so 
Private HR 
Worcester l.27 0.68 
Veld 
Reserve 
· STATE FORESTS 
R1 ve rsonde rend - i 1.01) I. 01 
Twist N1et - ( 0. j j 0.1 
Mar loth - ( 1. 06) 1.06 
Kountain - (101.9) 101.9 
Catch1ent 
Area 
tu Area of the reserve that falls within tne study region 
l : Jar.an 1986, CDNEC pers. COii. 
CDHEC : Cape Depart1ent of Nature and Environuntal Conservation 
HR : Nature Reserve 
: Su11ary of conserved areas 
Conserved areas 
State owned 
Private 
State Forests 
TOTAL 
Mountain 
Catch1ent. Areas 
area ( ka2) 
20.14 
33.33 
2.17 
55.64 
101.9 
\study aru 
0.86 
1.43 
0.09 
2.39 
4.37 
110 
Vegetation typel 
Karoo 
Renosterveld· 
Fynbos 
Karoo 
Fynbos 
Fynbos 
Fynbos 
Renoste'rveld 
Karoo 
Karoo 
Fynbos 
Fynbos 
Fynbos 
FynbOs 
\reuining natural vegetation 
1.30 
2.17 
0.14 
3.62 
6.62 
l)wnersn1p 
com 
Local 
Autnority 
National 
Botanic 
Gardens 
Private 
Private 
Private 
Private 
Private 
Dept. of 
Agriculture 
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reasons are, apparent for this, such as lack of funds, and/or 
1 imited advice and assistance from the CDNEC etc. An except·ion 
is the Quaggasberg Private Nature Reserve, which is to form part 
of a R60-mi 11 ion country club development (D. van Tubberg pers. 
comm.). The company coordinating the project intends to employ 
profess i ona 1 consultants to assess the environmental impact of 
the intended building operations. The consultants will also 
facilitate the planning of the resort with the stated objective 
of conserving the area. as a natural ecosystem (A. Marais pers. 
comm.). 
Most of the mountainous area surrounding the Middle Breede River 
Valley has been declared a Mountain Catchment Area (CDNEC pers. 
comm.). This area has mostly fynbos vegetation with some karoo -
fynbos ecotones. The primary objective of mountain catchment 
area management is to conserve the mountain ecosystem in such a 
way as to retain adequate plant cover in order to ·maintain an 
optimal yield of high quality water (Wilson 1985). Privately 
owned land within mountain catchment areas may b.e used, however, 
for economic gain such as timber production, grazing, 
cultivation, fish farming and low intensity recreation, provided 
it is not in conflict with the primary management objectives 
(Wi 1 son 1985). Hence the vegetation of mountain catchment areas 
is not necessarily entirely conserved. 
Hilton-Taylor & Le Roux (1989) note that the conservation 
strategy within the Robertson Karoo is somewhat paradoxical, 
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since, despite its high number of threatened taxa per unit area 
and its high percentage of conserved area·s (2.39%), many of 
these taxa do not occur in the nature reserves. This highlights 
the fact that many of the unique habitats' in the Robertson Karoo 
are not adequately conserved. These include the following: (a) 
transitional zones on the W and SW side of the valley; (b) wind 
blown sand communities; (c) river gravels SW of Worcester 
(totally different to those found at Vrolijkheid) and finally 
(d) doJomite outcrop zones (B. Bayer pers. comm.). 
Up until now, the declaration of existing reserves appears to 
have been largely on an ad hoc basis. The largest provincial 
reserve, Vrol ijkheid Nature Reserve, was originally purchased as 
a predator control centre in 1958. It was later proclaimed 'a 
nature reserve, in 1976, in order to preserve an area classified 
as Karroid Broken Veld. This reserve conserves the most 
widespread commun.ities (as defined by Joubert (1968) occurring 
in the Robertson Karoo, viz. those communities dominated by 
Euphorb i a maur i tan i ca, Pteron i a pan i cu 1 at a and E 1 yt ropappus 
rhinocerotis. As such Vrolijkheid has an important role to play 
because of the necessity of conserving a suite of areas which 
are representative of the whole of the Robertson Karoo. Without 
additional future conservation measures, such areas may become 
the only remnant of the natural vegetation of the Robertson 
Karoo. , 
It is clear, therefore, that several high priority habitats of 
the Robertson Karoo are either not conserved or have inferior 
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conservation status. The remainder of this chapter discusses 
ways of broadening the scope of con~ervation planning in the 
Robertson Karoo. 
5.1.2 Conserving the Robertson Karoo 
Hilton-Taylor & Le Roux (1989) note that the Karoo is mainly 
used as range 1 and and cone 1 ude that considerable effort should 
be directed towards correct land use management. It is indicated 
in Chapter 3, however, that the majority of the Robertson Karoo 
comprises mainly extremely low quality rangeland. In fact, the 
major agricultural threat to the vegetation is clearance for 
cultivated lands, since these provide higher economic benefits. 
Thus a conservation strategy based on rangeland management 
would be unhkely to be effective. What is required, therefore, 
is to establish more reserves in the areas of remaining natural 
vegetation. 
Conservation strategy in the Robe rt son Ka roo shou 1 d aim to 
conserve representative samples of both demi nant as we 11 as 
scarce natural ecosystem types (Jarman 1986, UNESCO 1974). This 
can be achieved at two levels: 
a) The conservation of representative samples of the more 
widespread plant communities. These communities need not be 
threatened as there is the need to protect f am i 1 i a r a re as 
before they too become extinct. These areas should allow for 
diversity not only in communities but also in environments. 
114 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
b) Conserving areas of bi.9J:l conservation potential. The 
se 1 ect ion of these spec if i c areas shou 1 d, in theory at least, be 
based on objective criteria. Margules and Usher (1981) reviewed 
criteria which have been used for assessing the conservation 
potential of a particular area. They conclude that "diversity" 
(both of species and habitats) is the most highly valued 
criterion followed sequentially by "rarity", "naturalness", 
"surface area" and the "threat of human interference", These 
criteria are followed by "representativeness", "potential 
value", "recorded history", uniqueness , "ecological fragility" 
and "management considerations". 
This type of baseline data has not been compiled for the 
vegetation of the Robertson Karoo. The only survey conducted for 
the Robertson Karoo as a whole was that of Joubert in the 1970's 
(Chapter 1). This survey, however, mapped plant communities 
using the dominant plant species and is, therefore, too broad to 
use as a foundation for producing a detailed conservation plan 
for the area. There is an need to resurvey the remaining 
vegetation of the Robertson Karoo in fine detail, taking unto 
account the variations within the communities (as defined by 
Joubert (1968)) which would indicate highly diverse, scarce and 
unique habitats. 
The present study assesses conservation priority by using the 
incidence of threatened plant species as a primary -criterion. I 
have two reasons for choosing this emphasis: 1) the importance 
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and urgency of conserving threatened plant spe~ies; 2) the lack 
of information for the formation of a more comprehensive 
conservation priority list; and 3) threatened taxa are often 
good indicators of habitats under threat, since they are 
normally perceived to be more sensitive to changes in the 
environment than common, widespread species (Tansley 1988). 
There is, however, a definition problem regarding the "scale" of 
a threatened plant species, i.e. a species may be threatened on 
a local, regional or global scale (Sokolov 1987). A species 
threatened on a local scale may not necessarily be threatened on 
a global scale. Thus, there are global and regional Red. Data 
Books ( .. a true Red Data Book could prob ab 1 y be defined as a 
register of threatened wildlife that includes definitions of 
degrees of threat", Scott et al. ,1987, p.1). Regional Red Data 
Books have an important role. Listing a species as worthy of Red 
Data Status, especially on the regional sale, undoubtedly helps 
in its preservation, si~ce the presence of threatened taxa is an 
important factor in the designation of protected areas. Regional 
Red Data Books also focus attention on locally threatened 
species, promoting research on these species where they are more 
abundant, and protecting them under harsh conditions at the 
periphery of their range. This is a vital step towards retaining 
the genetic diversity of many taxa (Sokolov 1987). For the 
purpose of this project taxa occurring in the Robertson Karoo 
threatened on the regional scale (southern Africa) will be 
studied. 
116 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
The protection of threatened plant species has been considered 
the most important function of conservation by the majority of 
interested parties (Margules & Usher 1981). However Adams & Rose 
(1978) strongly oppose this bias, stating that there is no 
simple way to recognize ra·rity in ecological terms. An 
international conference at the Royal Botanic gardens at Kew, 
England in 1975 concluded that special attention should be given 
to the conservation of threatened floras, especially those which 
are narrowly endemic and endangered by human activities (Simmons 
et al. 1976). 
The term "threatened" is based on the same criteria that Hall & 
Veldhuis (1985) used for their Red Data book on the Karoo and 
Fynbos Biomes. Red data ratings were provided for: 1) species 
restricted to one or few a localized areas not more than a few 
hundred m2 in extent; 2) those that occur fairly widely but at 
very low frequencies; and 3) those under threat from human 
pressures such as agriculture, forestry, urban development, 
flower picking or exploitation for ornamental or medicinal 
purposes. 
The .following categories of rarity used for the threatened plant 
species ·were based on those recognized by the International 
Union for the Conservation of Nature and Natural Resources 
(IUCN, Lucas & Synge 1978): 
EXTINCT: Species which no longer exist in the wild, not having 
been found in repeated searches of all known and likely areas. 
1 1 7 
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ENDANGERED: In immediate danger of extinction if the factors 
causing its decline continue to operate. Included are those 
species whose populations have been reduced to a critical level 
or whose habitats have been so drastically reduced that they are 
in immediate danger of extinction. 
VULNERABLE: Species included here are those likely to move into 
the Endangered category in the near future. if the factors 
causing the decline continue to operate. 
RARE: Species with small world populations or restricted to 
localized areas or habitats. These are species which are not at 
present classified as Vulnerable or Endangered. 
INDETERMINATE: Species are temporarily grouped here while they 
are waiting to be pl aced in one of the above categories when 
more information becomes available, i.e. it is certain these 
species are worthy of Red Data Status, although the level of 
their rarity has not been determined. 
UNCERTAIN: Species temporarily grouped here are those for which 
there is reasonably good, but unconfirmed, grounds for believing 
them to be threatened; more information is required. 
5.1. 3 Objectives 
The objectives are thus: 
i) To identify taxa, threatened in southern Africa, which occur 
in the Robertson Karoo. 
ii) To map the locations of threatened plant taxa. 
iii) To identify areas of conservation urgency by assessing 
relative threats to those areas containing threatened plant 
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tax a. 
5. 2 METHODS 
5.2.1 Listing threatened plant taxa 
A threatened plant species inventory was drawn up for the study 
area. The list was confined to species in, or bordering on, the 
study area. In line with this, the Fynbos species bordering on 
the study area, ~hi~h occurred at altitudes >200~ft (c 600m) 
were omitted. 
Penny's report (1989) on the threatened plant species of the 
Breede ~fver, Tulbagh and Hex River Vall~ys was used as the 
basis for a preliminary list. Her report was based on the 
official Red Data Book for threatened plants of the Fynbos & 
Karee Biomes (Hall & Veldhuis 1985). 
The preliminary list was extensively revised by the author as 
well as supplemented with information obtained directly from 
relevant researchers, taxonomists, herbarium records and 
literature. This included input from c. Hilton-Taylor (pers. 
comm.). who is currently reviewing the status of threatened 
species of the Karee Biome as a whole but without any specific 
emphasis on the Robertson Karee. 
Many of the problems associated with Red Data species lists have 
been reviewed by Hall (1981, 1987) and Hall & Veldhuis (1985) 
A fundamental problem frequently encountered is variable 
accuracies regarding the taxonomy of each group. Certain of the 
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groups, for example Drosanthemum and L ightfootia have been 
poorly assessed and the only available information is in the 
form of early monographs of dubious authenticity. 
A second major problem is the accuracy of herbarium records and 
whether they reflect the exact distribution and the abundance of 
species. Such records reflect the collecting patterns at a 
general level often showing only limited correlation with the 
distribution and abundance of particular plant species. 
Moreover, individual species are subject to widely varied levels 
of collecting pressure, depending on the accessibility of the 
area, how readily the plant species may be found (Gibbs Russel 1 
1985) and the interest value of the plant in question. For 
instance Stape1iopsis brevi7oba is extremely difficult to find 
as result of its cryptic habitat. Therefore, its Red Data 
status may be incorrect, perhaps simply being an artefact of 
under-collection (P. Bruyns pers. comm.). Also certain annual 
species which flower outside the main flowering season, Spring, 
are usually under-collected (O. Snijman pers. comm.). 
Furthermore, there are also likely to be many undescribed 
species which are not recorded in herbaria at all. Thus the list 
of Red Data taxa could markedly underestimate the number of 
threatened species occurring in the area. 
It was possible to overcome certain of the above problems, 
especially those of preferential collection in certain areas. 
This was achieved, in part, by personal communication with 
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researchers having the appropriate specialized field knowledge 
of the study area (in particular B. Bayer, Worcest-er Veld 
Re~erve; P. Perry, Karoo Botanic Garden). Other problems were 
minimized as the inventory was updated in discussion with other 
researchers and in reviewing, the literature. Any Red Data list 
is in need of constant revision, with new information always 
being added to update systematic data and Red Data status. 
An additional problem arises with delimiting the exact map 
locations of the Red Data species, as many of the place names 
have changed subsequent to collection, or the precise locality 
was never recorded. As a result, the locations of several of the 
taxa could not be mapped while others could only be pinpointed 
to an area of 1-2 km2. 
5.2.2 Priority conservation areas 
The priority conservation ratings, which were purely 
qualitative, were assigned to areas containing clusters of 
threatened plant taxa, as habitats having high concentrations of 
threatened taxa have a high probability of being rare or 
vulnerable (Tansley 1988). Thus priority conservation ratings 
for the area were based on two criteria, firstly the number of 
threatened plant taxa in a particular site and secondly the 
degree of human threat from agricultural expansion, urbanization 
and mining. Information on the agricultural threat was obtained 
from Chapter 4. The threat from urban expansion is centered 
around the mun i ci pa 1 area of Worcester (see Chapter 3), whereas 
the threat from mining is at present confined to two areas, 
121 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
 
Langevlei and Brewelskloof (Chapter 3). The areas containing 
more than four Red Data taxa were given the highest priority 
ratings, because these presumab 1 y indicate the presence of 
threatened habitats. These areas were further rated on the 
number of taxa and if they were threatened by human influence. 
The next set of priority areas were those containing between one 
and three taxa. These were simi lari ly rated. Priority was then 
given to areas containing one threatened taxon. These were rated 
on a) number of 1 ocat i ens where it has been co 11 ected and b) if 
it is endemic to the study area. Within each rated group, the 
areas were ordered according to rarity status. Finally areas 
containing taxa which had already been recorded in higher 
priority areas or occu·red in nature reserves. A problem is that 
the priority conservation areas can only take into account those 
areas which are known locations of threatened taxa - it ignores 
areas ·containing threatened taxa which are either unmappable or 
have not actually been collected before and"thus remain 
unrecorded. 
5.3 RESULTS ANO DISCUSSION 
5. 3.1 Threatened plant taxa 
Of the 61 threatened plant taxa occurring in the Robertson 
Karee, 8 are described as endangered, 20 are rare, 8 are 
vulnerable,. 3 are indeterminate and 22 are uncertain (Table 
5.2). At least 6 of the threatened taxa are reported from only 
one locality ·and it was further found that 83% of the 
threatened taxa are endemic to the Middle Breede River Valley 
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Table 5.2: Threatened plant taxa of the Robertson Karee 
* Lists the threatened taxa occuring in the study area as defined in section 1.4.1. Fynoos taxa ooraer1ng on tne 
study area and occuring at altitudes >2000ft lc600m1 were omitted. 
* Lists taxa together with: 
' i) species number - this no. corresponds to Fig. 5.3 
ii) original source· where the information was ootained 
iii) IUCN Status and reference· 
ivl Map location and 1apping precision:- !UJ : unmappable; _(AJ : taxa is mapped to a paticular area, e.g. 
The Nekkies region; (K) : mapped to within 1-2km radius; (P) : precise location, within lkm radius. 
Unless followed by a date, the references are personal communications. 
* More detailed information on certain of the taxa is presented in Appendix 1. 
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Taxa name 
PTERIDOPHYTA 
OPHIOGLOSSACEAE 
1 Oohioglossu111 nud1caule L.f. 
AllGIOSPERltAE - llOllCOTYLEDOllAE 
AMRYLLIDACEAE 
2 Haeinanthus sanguineus Jacq. 
(pink) 
3 Her ine cf pudi ca Hooker f. 
(Her i ne sp. nov.) 
ASPHOOELACEAE 
4 Haworthia magnifica V. Poelln. 
var. notabilis 
(V. Poelln.) Bayer 
5 Haworthia 1arginata 
( La11.) Stearn 
6 Ha#orthia.1utica Haw. 
7 HaNorthia poelnitziana Uitew. 
B HaNorthia pubescens Bayer 
Original Source 
C. Hilton-Taylor 
8. Bayer 
P.Perry 
D. Sni jman 
P. Perry 
B. Bayer 
I 
C. McDowell 
B. Bayer 
C. Hilton-Taylor 
8. Bayer 
B. Bayer 
B. Bayer 
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Status 
tReferencei 
Rare 
(C. Hilton-Tayior) 
Rare 
(G. Duncan 
P.Perry, 8. Bayerl 
Uncertain 
(C. Hilton-Taylor) 
Rare 
(B. Bayer) 
Endangered 
(8. Bayer 
c. l'lcDowe 11) 
Vulnerable 
(C. Hilton-Taylor) 
Endangered 
IC.Hilton-Taylor) 
Vulnerable 
(C. Hilton-Taylor) 
Map Location 
tGria Reference, Description 
napping Precision! 
3319 C tU.1 
3319CB SW Worcester IP) 
3319CB Karoo Botanic Garden (PJ 
3319CB Srewelskloof tP) 
3319C8 Brandvlei (The Hekkiesl 
3319DC Wolwekloof IK) 
3320CC Ashton tK) 
3320CC/ 3420AA Kop-pies E 
of roaa from Drew tKI 
3320CC N 8reede River at Drew IKJ 
3320CC M Drew (Pl 
3319DA/3319CB Sandberg hills (K) 
3319CB SE Brandvlei Dal IK) 
3319CD S Lemoenooort {K) 
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9 Poellnitzia rubriflora 
(L. Bolus) Uitew. 
CYPERACEAE 
10 Scupus delicatulus Levyns 
HYACINTHACEAE 
11 Rlbuca sp. nov. 
\scabra nom. nud. in ms.) 
12 Lachenal1a moniliformis 
W.F. Barker 
13 Lachenai1a physocaulos 
W.F. Barker 
14 Neopatersonia u1tenhagensis 
Schonl. 
IRIDACEAE 
15 Chasmanthe bicolor 
(Gasp. ) N. E. Br. 
16 Geissorhiza geminata 
E. Meyer ex Baker 
17 Gladiolus virescens Thunb. 
var. roseo-venosus Lewis 
18 Ixia campanulata Houtt. 
19 Ixia collina 
Goldbl. & Snijman 
20 Ixia pumilio 
Goldbl. & Snijman 
B. Bayer 
P. Perry 
C. McDowell 
A. Penny 
8. Bayer 
P. Perry 
G. Duncan 
B. Bayer 
Q. Hahndick 
A. Penny 
A. Penny 
P. Perry 
C. Hilton-Taylor 
C. Hilton-Taylor 
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Vulnerable 
(C. Hilton-Taylor) 
3319DD VroliJkheid (K) 
3320CC 7miles N Stormsvlei IP! 
3319DD SW Robertson (PJ 
3319DD N Poes3enelsrivier !KJ 
3320CC Bonnievale lKJ 
Indeterminate 3319CB IUJ 
\Hall & Veldhu1s 1985J 
Uncertain 
(C. Hilton-Taylor) 
Rare 
(C. Hilton-Taylor 
G. Duncan) 
Endangered 
\P. Perry) 
3320CC/3420AA Drew \k) 
3319CD Lemoenpoort (A) 
Rare (G. Duncan) 3319DD Buitenstekloof (K) 
Rare 3319DD Bu1tenstekloof (K) 
(Hall & Veldhuis 1985) 
Uncertain 3319DD VroliJkheid (KJ 
(Hall & Veldhuis 1985) · 
Uncertain 3319CB Brandvlei Dam (A) 
(Hall & Veldhuis 1985) 3319CD Moordkuil, Worcester (KJ 
3319DC Scherpenheuvel. vlei I KJ 
Indeterminate 
(C. Hilton-Taylor) 
Rare (G. Duncan 
P. Perry) 
3319CB Brandvlei Hills (K) 
3319CB Kweekkraal, Worcester IP) 
3319CD Doorn rivier \KJ 
3318CB Quaggasberg (A) 
Indeterminate 3319CB NW Worcester (P) 
(Hall & Veldhuis 1985) 
Rare (G. Duncan, 
C. Hilton-Taylor) 
Rare 
(C. Hilton-Taylor) 
3319DA Breede river, 
SE Worcester (KJ 
3319CB Reiers Rus Farm, 
S Worcester (P) 
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21 Ixia vanzyliae L. Bolus 
22 Ixia sp. nov. 
23 Lapeirousia plicata (Jacq.) 
Oiels subsp. effurcata 
(Lewis) Goldbl. 
24 fforaea worcesterens1s 
Goldbl. 
25 Sessii is tigma radians 
Goldbl. 
AMGIOSPER"AE - DICOTYLEDONAE 
ASCLEPIADACEAE 
26 Ceropegia conn1vens 
R.A. Dyer 
27 Ceropegia occul ta 
A.A. Dyer 
28 Duvalia caespi tosa 
(Masson) Haw. 
29 Stapelia sci tu la Leach. 
30 Stapeliopsis breviloba 
(R.A. Dyer) Bruyns 
ASTERACEAE 
31 Athanasia crassifolia. 
Schltr. ined. 
C. Hliton-Taylor 
D. SniJman 
C. Hilton-Taylor 
8. Bayer, P. Perry 
c. Hilton-Taylor 
J. ~orrester 
c. Hilton-Taylor 
C. McDowell 
C. McDowell 
P. Bruyns 
C. McDowell 
A. Penny 
A. Penny 
126 
Rare 3320CC Bonnievale 1UJ 
(C. Hilton-Taylor) 
Uncertain 3319CB NW Karoo Botanic 
(C. Hilton-Taylor) Garden 
Uncertain 33190A 10 miles from Worcester on 
!C. Hilton-Taylor) Robertson road 1 PJ 
Endangered 3319CB W Worcester Veld 
(C. Hilton-Taylor) Reserve (P) 
Vulnerable 33190D N foothills R1versonderend 
(C. Hilton-Taylor) Berge (U) 
·331900 Turn off to Steenbckvlakte 
between Stormsvleikloof & 
McGregor (P) 
3320CC Near Ashton (K) 
Uncertain 33190A Tweefontein, Worcester (P) 
(Hall & Veldhuis 1985) ·3319DA 1.5km W Mowers S1d1ng (P) 
Rare (Dyer 1983) 
Rare (P. Bruyns) 
Rare (P. Bruyn?) 
Uncertain 
(P. Bruyns) 
3319DA Tweefonte1n, Worcester (Pi 
331908 Buitenstekloof (KJ 
33190D From Roo1berg to Just before 
Kogmanskloof on the 
Worcester-Robertson road lU) 
331908 Buitenstekloof (K) 
331900 Rooiberg, Robertson (KJ 
3319DA Near turn-off to Elandia on 
Worcester-Robertson road ~K) 
3319CD Lemoenpoort (K) 
3319DA Moordku1l (KJ 
Uncertain 3319CB Brandvlei Hills (A) 
(Hall & Veldhuis 1985) 
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32 Senecio rehmannii Bolus 
33 Lightfootia effusa Adamson 
CRASSULACEAE 
34 Crassula sp. nov. 
ERICACEAE 
35 Grisebact1ia rigida 
N. E. 8 r. 
FABACEAE 
36 ilspalathus burchelliana 
Benth. 
37 ilspaiathus macrocarpa 
Ecklon & Zeyher 
38 Polhillia waltersii 
(Stirton) Stirton ined. 
GERAllIACEAE 
39 Pelargoniu1 sp. nov. 
"ESEllBRYAllTHEllACEAE 
40 Drosanthemum bellum L. Bolus 
41 Drosanthemum hallii L. Bolus 
42 Drosanthemum micans 
( L. J Schwantes 
43 Drosanthemum thudichumii 
L. Bolus 
A. Penny 
A. Penny 
B. Bayer 
A. Penny 
A. Penny 
A. Penny 
P. Perry 
B. Bayer 
B. Bayer 
8. Bayer 
P. Perry 
B. Bayer 
127 
Uncertain 3319CB (U) 
(Hall & Veldhuis 1985) 
Uncertain 3319DC Poesjeneismier iP) 
(Hall & Veldhuis 1985) 
Uncertain 3319CD Haumansberg (K) 
Vulnerable 3319CB E Kwaggaskloof Dam (KJ 
(Hall & veldhuis 1985) 3319CD Surrounding Kwaggaskloof 
Dam (A) 
Vulnerable 
(Hall & Veldhuis 1985) 
Uncertain 
(Hall & VeldhUlS 1985) 
Vulnerable 
(C. Hilton-Taylor) 
Rare (B. Bayer) 
Rare (8. Bayer) 
Rare (B. Bayer) 
Uncertain 
Rare (B. Bayer J 
3319CD/3319DC S Breede River (K) 
3319CB Onder •randvlei (K) 
3319DD Breede river eastern bank 
at Upper Ford, Swellendam (U) 
331900 Langeberg foothills 
(altitude c400mJ near 
De Hoop farm, Robertson (KJ 
"Wagenmakersbosch", 
Swellendam (U) 
3319CB Worcester municipality (P) 
3319CB Worcester airfield (PJ 
3319CB Worcester (P) 
3319CB Brandvlei Dam (A) 
3319CB N Brandvlei Dam (A) 
3319CB Karoo Botanic Garden (P) 
3319CB Karoo Botanic Garden (P) 
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44 Gibbaeum esterhuyseniae 
L. Bolus 
45 Lampranthus arbuthnotiae 
( L. Bolus J L. Bolus 
46 Lampranthus aurantiacus 
(DC.) Schwant. 
47 Lampranthus vanzijliae 
(L. Bolus) N. E. Br. 
48 Ruschia amicorum 
(L. Bolus) Schwantes 
49 Ruschia leipoldtii L. Bolus 
OXALIDACEAE 
50 Oxal is dregei Sander 
51 Oxalis natans L.f. 
52 Oxal is sp. nov. 
PROTEACEAE 
53 Leucadendron chamelaea 
(Lam.) I.J. Williams 
54 Leucadendron fl exuosum 
I.J. Williams 
55 Leucosper1u1 utriculosu111 
Rourke 
56 Protea restionifolia 
(Salisb. ex J. Knight) Ryer. 
ROSACEAE 
57 Cliffortia carinata Weim. 
B. Bayer 
'A. Penny 
P. Perry 
8. Bayer 
A. Penny 
A. Penny 
B. Bayer 
B. Bayer 
B. Bayer 
A. Penny 
A. Penny 
J. Rau rke 
B. Bayer 
A. Penny 
128 
Extinct? 341988 Between McGregor & Stcrms-
(Hall & Veldhu1s 1985) vleikloof (UJ 
3420AA between Bonn1evale & 
Stormsvle1kloof IU) 
Uncertain 3319CB (UJ 
(Hail & Veldhu1s 1985) 
Uncertain 
Endangered 
(8. Bayer) 
Rare 
(C. Hilton-Taylor) 
Endangered 
(C. Hilton-Taylor) 
3319CD Moddergat, Worcester [Kl 
3319CB Breede river flats, 
Worcester (Ai 
3319DC Dublin farm, Worcester (KJ 
3319DD N NW Robertson (K) 
3319DD McGregor & 
Stormsvleikloof (U) 
Rare (B. Bayer) 3319CB SW Worcester (K) 
Rare (8. Bayer) 3319CB (U) 
Uncertain (B. Bayer) 3319CD Haumansberg, Worcester (Kl 
Endangered 
(S. Brown 1988) 
Endangered 
(S. Braim 1988) 
Rare (J. Rourke) 
Vulnerable 
(S. Brown 1988) 
3319CB E Brandvlei Dam (K) 
3319CB W Worcester (P) 
3319DD Sandberg, Robertson (A) 
3420AA Stormsvlei Hills (A) 
3319DC 1 mile from Worcester~ 
Ro~ertson road, Elandia (P) 
3319CB N Brandvlei Dam (A) 
Uncertain 3319DC PoesJenelsrivier (PJ 
(Hall & Veldhuis 1985) 
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RUTACEAE 
58 Mathosma stipitata Pill. 
59 Euchaetis pungens 
(Bartling & Wendl.) 
I .J. Williams 
SCROPHULARIACEAE 
60 Nemesia pageae L. Bolus 
61 Sutera cephalotes Kuntze 
A. Bean 
A. Penny 
A. Penny 
A. Penny 
Uncertain 3319DC jonaskop, Boesmanskloof ! A J 
3319CB Brandvle1 Berg (Kl 
Uncertain 3319DC/DA Moordkuil, Worcester I K J 
3319CD S Kwaggaskloof Dam (PJ 
3319CB Brandvlei Berg (K) 
Uncertain 3319CB W Worcester Veld Reserve (PJ 
(Hall & Veldhuis 1985) 3319CB Karoo Botanic Gardens (P) 
3319CD Moddergat, Worcester (KJ 
3319DA S-6m1les on Worcester-
Robertson road at 
Elandia turn-off (P) 
331908 Buitenstekloof (K) 
Uncertain 3319CB Brandvlei Hills (A) 
(Hall & Veldhuis 1985) 
·----------------------------·---
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(Table 5. 2. & 5. 3). 
The map locations (Fig. 5. 3) of the threatened tax a (presented 
as an overlay to the potential· agricultural, urban (located 
within Worcester municipality) and mining (located in vicinity 
of quarries) threat, Fig. 5.2) reveal that the majority of the 
taxa occur on recent alluvial deposits (see Fig. 4.1). Such 
depoiits, which underlie the drainage patterns of the major 
rivers in the Robertson Karoo, are selectively cultivated 
because of their close proximity to a water source (See Chapter 
4). This selective cultivation is likely to represent the key 
cause for the threatened status of many of these pl ant tax a and 
their associated low lying communities. A large number of 
threatened taxa also occur on Bokkeveld shales. These shales are 
associated with fertile soils, e.g. Hutton soil form, and much 
diminished remnants of the vegetation threatened by future 
agricultural expansion (high agricultural threat, Table 4.3. ). 
Fig. 5.3 also illustrates clearly defined clusters of 
threatened plant taxa.· More than 50% of the taxa are located 
west of the 1 ine of longitude 19°30 1 in a vegetation type which 
is transitional from Karoo through Renosterveld to Fynbos. In 
fact, Robertson Karoo appears to have a high density of 
threatened tax a main 1 y because of the inc i dance of these pl ants 
within the ecotonal habitats. Only 39% of the plant taxa listed 
occur in true Karroid Broken Veld and the majority of these taxa 
are restricted to rare and localized habitats, e.g. dolomite 
outcrops of Buitenstekloof. Furthermore, only 11.5% of the 
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Table 5.3: Plant taxa endemic 
Valley. 
MONOCOTYLEOONAE 
Amaryllidaceae 
to the Middle Breede River 
Haemanthus sanguineus Jacq. (pink variety) 
Asphodelaceae 
Haworthia herbacea (Mill.) Stearn 
Haworthia magnifies var. notabilis (V. Poelln.) Bayer 
Haworthia mutica Haw.* 
Haworthia pubescens Bayer 
Poellnitzia rubriflora (L. Bolus) Uitew. 
Eriospermaceae 
Eriospermum bowieanum Baker 
Hyacinthaceae 
Albuca sp. nov. 
Lachenalia moniliformis W. F. Baker 
Lachenalia physocaulos W. F. Baker 
Lachenalia stayneri w. Baker 
Iridaceae 
Gladiolus virescens Thunb. var rosecrvenosus Lewis 
Ixia collina Goldbl. & Snijman 
Ixia pumi l io Goldbl. & Snijman 
Ixia patens Aiton 
Ixia vanzyliae L.Bolus 
Ixia sp. nov. 
Horaea worcesterensis Goldbl. 
Sessilistigma radians Goldbl. 
OICOTYLEDONAE 
Asclepiadaceae 
Ceropegia connivens R.A. Oyer 
Ceropegia occulta R.A. Oyer 
Ouva1ia·caespitosa (Masson) Haw. 
Stapelia scitula Leach. 
Stapel tops is brevi loba (R.A. Oyer) Bruyns 
Campanulaceae 
Lightfootia effusa Adamson 
Crassulaceae 
Crassula sp. nov. 
Ericaceae 
Grisebachia rigida N.E. Br. 
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' ' 
; 
; 
Euphorbiaceae 
Euphorb i a nesemann i i R. A. Dyer 
Fabaceae 
Aspa7athus burchelliana Benth. 
Aspa7athus macrocarpa Ecklon & Zeyhar 
Polhillia waltersii (Stirton) Stirton ined. 
Geraniaceae 
Pelargonium sp. nov. 
Mesembryanthemaceae 
Drosanthemum bellum L. Bolus 
Drosanthemum hallii L. Bolus 
Drosanthemum micans (L.) Schwantes 
Drosanthemum speciosum (Haw.) Schwantes 
Drosanthemum thudichumii L. Bolus 
Gibbaeum esterhuyseniae L.Bolus 
Lampranthus vanzijliae (L. Bolus) N·.E. Br. 
Oxalidaceae 
Oxalis sp. nov. 
Oxalis viscidula Schltr. 
Proteaceae 
Leucadendron flexuosum I.J. Williams 
Rutaceae 
Agathosma stipitata Pill. 
* This species may also occur south of swellendam outside the 
study area. 
The above tax a have on 1 y been recorded from the midd 1 e Breede 
River valley. However, this limited distribution may in some 
cases be a function of under-collection. 
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t 
threatened taxa are actually known to be present in existing 
nature reserves. This provides further evidence for the poor 
' conservation status of the Robertson Karoo at least as far as 
plant taxa are concerned. 
5.3.2 Priority conservation areas 
The priority areas are rated from A-0 (Table 5.5) and 
~raphically presented as an overlay to the map of the threatened 
p 1 ant tax a (Fig. 5. 3) . 
The highest Priority Area (Priority Area A, Table 5.4, Fig. 
5.3) is in the vicinity of Brandvlei Dam. This area, which has a 
high agricultural threat index (>3000, Fig. 5.2) and is also 
threatened by alien infestations (Table 5.4), apparently 
contains an unique inland strandveld-type vegetation (P. Perry, 
pers. comm.). However, with the exception of Gladiolus virescens 
var. roseo-venosus which is classified as "intermediate", the 
threatened taxa in this area have "uncertain" rarity status. 
Prioritized simply on the basis of its threatened plant taxa 
status, this area may not be considered highly valuable. There 
is a need to assess the threatened status and extent of the 
natural ecosystem in greater depth to establish its true 
conservation value. It is also vital to investigate the current 
i nci de·nce of threatened taxa to ascertain whether they warrant 
Red Data status and in fact,. whether other as yet unclassified, 
less obvious, species are in need of Red Data status. It is 
worth-while to note that many of the threatened plant taxa 
recorded. in this area were collected earlier this century and 
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Table 5.4: Priority conservation areas 
Area Ho. threatened taxa Threats 011nership Taxa t rarity statusi 
---------------------------------------------------------------------------------------------------------------
A W & S Brandvlei 6 ai1en Dept. Prisons I Glaaioius v1rescens 
KwaggasKloof Daas inf es ta tions var. roseo- venosus 
agricultural u Geissorniza geminata 
expansion U Atn~nasia crassifolia 
U Gnseoacnia rigiaa 
U Euchaetis oungens 
U Sutera ceohaiotes 
8 Breede Floodplain 5 aiien Private, E Wtpranthus vanzi_iliae 
infestations, Worcester v Polhiliia Naitersii 
agricultural Municipality R Hae1anthus sanguineus 
expansion, R Oxal is dregei 
urbanization R Pelargonium sp. nov. 
c Buitenstekloof 5 mining Private R Stapelia scitula 
R Neapatersonia uitenhagensis 
R Lachenalia physocaulos 
U Ne111esia pageae 
U Ceropegia occulta 
D Haumansberg/ 5 ·Private R Lachenalia moniliformis 
Lemoenpoort ., HaHorthia puoescens 
R Oxalis natans 
U Stapeliopsis orevilooa 
U Crassula sp. nov. 
E The Hekk1es 4 Private V Protea restionifolia 
R Drosantnemum oeliu1 
R- D. hallii 
U Ner1ne so. nov. 
F Drew 2 agricultural Private E HaHorthia ooelnitziana 
expansion U Albuca sp nov 
Poesjenelsrivier 2 agricultural Private U Lightfootia effusa 
expansion U Ch ff or tia carina ta 
6 NW Robertson 2 Private E Ruschia leipold.tii 
R HaNortnia magnifica 
var notabilis 
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AREAS COITAIMIMG A SINGLE TAXOI 
H Taxa recorded from one locality:-
3319CB W Worcester Veld Reserve 
3319C8 W Worcester 
3319DA Breede River, 
SE Worcester 
3319CB Reirsrus, Worcester 
3319CB NW Karoo Botanic Garden 
I Taxa endemic to the study area:-
3320CC Ashton/3420AA Drew 
3320AA Drew 
J Taxa not endemic to the study area:-
3319CB E Brandvle1 Dai 
3319DD Steenbokvlakte/3320CC Ashton 
3319CB NW Worcester 
3319CD Moddergat (2 taxa) 
3319DA on rd from Worcester to 
Robertson 
K Tweefontein (2 taxaJ 
urbanization 
urbanization 
ai1en infestations 
agricultural 
expansion, alien 
lnfestat1ons 
agricultural 
expansion 
agricultural 
expansion 
" 
agricul turai 
expansion 
" 
agricultural 
expansion 
AREAS COllTAIMIMG A SINGLE TAXOll MOT UllDER THREAT 
L Endemic taxa 
331900 Sandberg, Robertson/ 
3319DC Elandia/ 
3420AA Sto1svlei hills 
331900 H Robertson 
3319DC Jonaskop/ 
3319CB Brandvei 
136 
Municioai1ty 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
Private 
£ Horaea Horcesterens1s 
E Leucodendron flexuosum 
R Ix1a coiirna 
R Ixia ou111iiio 
u Ixia sp. nov. 
E HaHorthia 11arginata 
V Ha#orth1a mutica 
E Leucoaendron cha1elaea 
V Sessi 1 is ti gma radians 
I Ixia campanuiata 
u Lampranthus aurantiacus 
U Hemesia pageae 
u Lapeirousia plicata 
subsp effu rca ta 
U Ceropegia connlvens 
U Ceropegia occulta 
R Leucospermum utr1culosum 
U Aspalathus 1acrocaroa 
u Agathos1a stipitata 
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AREAS COllTAilllMG TAXA llHICH HAYE ALREADY BEEM RECORDED IM A HIGHER PRIORITY AREA OR OCCUR Ill A RESERVE 
N Taxa occurs in a higher priority area:-
Elandia (2 taxa) 
3319CB Sandberg hills/ 
3319CD SE Brandvlei Dam 
3319CD·Surrounding Kwaggaskioot Dam 
331900 Rooiberg, Robertson 
3319DC/DA Moordku1l 
3319CB Moordkuil, Worcester/ 
3319DA Scharoenheuwel vle1 
It Taxa occurs in a conserved area:-
3320CC H Stormsvle1/ 
3320CC Bonnievale/ 
331900 SW Robertson/ 
331908 N Poesjenelsrivier 
3319CO Kweekkraal/ 
3319CD Doorn River/ 
3319CB Onder Brandvle1 
3319CB Brewelskloof 
O Conserved areas 
W Worcester 
Quaggasberg 
Karoo Botanic Gardens 
Vrolijkheid 
*The rarity·status is abbreviated: 
E : endangered 
R : rare 
v : vulnerable 
I : indeter1inate 
U : uncertain 
4 
2 
137 
Private U Nemes la pageae 
U Stapeliopsis brev1looa 
Private V Hawortnia pubescens 
Private V Cirisebachia rigiaa 
Dept. Prisons 
Private R Stapelia sci tu la 
Private I Eucnaet1s oungens 
Private U Geissorh1za geminata 
Private v Poellnitzia rubriflora 
Dept. Prisons Gladiolus virescens 
Private var roseo-venosus 
Municipality u Ner1n~ sp nov 
Municipality I/ Polhilia waltersii 
Private Gladiolus virescens var. 
roseo-venosus 
Nat10/\al 
Botanic 
Gardens 
Provincial 
R Drosanthemum micans 
R D. thudichu1ii 
U Herine so nov 
U Nemesia pageae 
V Poellnitzia rubriflora 
U Chasmanthe b1color 
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may already be extinct f~om this locality, e.g. Athanasia 
crassifo7ia, Grisebachia rigida. 
Priority Area B,. the Breede River floodplain, is of importance 
because it is possibly the only remnant of what was once an 
extensive floodplain stretching the length of the valley (see 
Chapter 2). This area is at present under threat from 
agricultural expansion, alien infestations and urbanization. 
However, as the area is relatively marshy, the threat from urban 
expansion is consequently lower. Possibly the greatest immediate 
threat in this area is the alien infestations, especially of 
Sesbania (B. Bayer pers. comm.). 
Priority Area C is situated in close proximity to a limestone 
quarry (Fig. 5.2. & 5.4.). The natural plant community of this 
area is confined to granite outcrops which overlay the dolomite 
deposits which are much in demand for cement and lime (McDowell, 
pers. comm.). This rare ecosystem is being selectively mined, 
seriously threatening the associated flora. This is the only 
site where mining is an immediate threat to the Red Data taxa 
identified in this project. 
-
Priority Area D (Haumansberg/Lemoenpoort) and Priority Area E 
(Nekkies) are under no immediate threat from agricultural 
expansion (see Fig. 5.2, 5.3 & Fig 5.4). These a re as a re 
probably fairly safe for the present. I decided, however, to 
leave them as priority D & E, as it may be important to conserve 
these areas while they are not intensively used. 
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The remaining Priority Areas each contain one or two threatened 
plant taxa. Priority H areas contain only a single Red Data 
species, for example Ixia co77ina, Moraea worcesterensis (Table 
5. 4). These areas are considered of conservation importance as 
they are the only known locations for these, predominantly 
"endangered", taxa. 
Moddergat was giving a J rating, as one of the threatened taxa, 
Nemesia pagae occurs in the Karoo Botanic Gardens and the other 
has an "unceratin" rarity status. Therefore, this area does not 
merit a higher rating, being placed with those areas containg a 
single taxon not endemic to the study area. 
Tweefontein (3319CB Worcester) has also been given a lower 
rating (K, Table 5.4). This was decided because, although the 
area contains 2 threatened species, viz Ceropegia connivens and 
c. occulta, and is under threat from agricultural expansion; 
the status of these threatened plant species is only 
"uncertain". Researchers (P. Bruyns, C. McDowell pars. comm.) 
believe there is a very strong chance that the-se species are in 
fact much more common and their present threatened st~tus are a 
consequence of their small stature and cryptic habitat. 
Although the municipality has not yet offically proclaimed the 
area containing the plant species, Po7hi77ia waltersii, as a 
nature reserve, it is fairly certain that this will happen in 
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the near future. Thus I grouped this area at the end of the 
priority list (Table 5.4). 
It should be mentioned again that the above priority areas 
cannot account for those taxa which were unmappable. It is 
important to assess if those "unmapped" tax a can in fact be 
located. Thereafter their threat status and ultimate priority 
for conservation can be assessed. 
5. 3. 3 Conserving· the priority areas 
In considering the conservation of the above-mentioned priority 
areas certain questions arise, namely: how many priority areas 
can be realistically conserved and how should they be conserved 
(i.e. reserve design)? In this chapter these two questions are 
addressed and then various case studies in the area are 
presented. These studies give practical suggestions in the 
conservation of certain of the priority areas. In the final case 
study, a conservation strategy already implemented is discussed 
to show the rationale behind the strategy. 
5.3.3.1 How many priority areas? 
It is not feasible to set up conservation areas to ensure the 
survi va 1 of a 11 of the threatened areas as there are economic 
and manpower constraints as wel 1 as a lack of popular demand. 
This section considers the. levels of conservation effort 
necessary to to ensure the survival of the 'highest possible 
percentage of threatened taxa. This was carried out as follows:-
the cumulative number of threatened taxa in each priority area 
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were plotted against the Priority Area letter (Fig. 5.5). This 
' 
showed that if the first five priority areas (all contain four 
or more threatened taxa) were conserved, 22 (36%) of the 
threatened taxa would be conserved in addition to those ta~a 
already protected in existing conservation areas. If Priority 
Areas F & G (containing two threatened taxa) were also 
conserved, this would increase the over all percentage of 
conserved taxa in the Robertson Karee to 57%. As the remaining 
priority areas contain on general only one threatened taxon, 
perhaps the realistic aim would be to conserve the first eight 
priority areas., certain of the remaining areas, however, contain 
the only known location of a threatened taxon. It is important 
·to conserve these individual species, especially those which 
have an "endangered" or "rare" status. 
To conclude, if the first eight priority areas and the four 
areas (Priority Area H) containing the only location of an 
"endangered" or "rare" taxon were conserved, ·63% of the 
threatened tax a would be conserved and five out of eight tax a 
with "endangered" status would be conserved. This is a fairly 
realistic starting point for conserving the Red Data taxa and 
/ 
their associated ecosystems in the Robertson Karoo. 
5.3.3.2 Reserve design 
At this stage it is important to discuss a possible strategy for 
the conservation of the above mentioned priority areas. The 
optimal design of nature reserves, which aim to conserve certain 
ecosystems, habitats and indivi.dual species, has been a matter 
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of much controversy. 
The Equilibrium Theory .of Island Biogeography (MacArthur & 
Wilson 1967) has been widely applied to the question of optimal 
reserve size, culminating in a lively S.L.o.s.s. (single-large-
or-several-small) debate (Bond 1989, Burgman et al 1988, Diamond 
1975, Gilpin & Diamond 1980, Higgs & Usher 1980, Simberloff & 
Gotelli 1984, Zimmerman & Bierregaard 1986). Bond (1989), 
reviewing the debate in the southern Africa context, concludes 
that the Equilibrium Theory does have some relevance as it can 
predict the magnitude of the loss of species relative to the 
size of the habitat remnant and its isolation. More recently, 
the most widely used model at the population level is the 
Minimum Viable Population Theory (Soule 1987). The aim is to 
pre.diet the minimum number of individuals that will ensure (at 
an acceptable level of risk) that a population will persist in a 
viable state for a given time period (Gilpin & Soule 1986). 
In the Robertson Karoo, there are certain constraints in reserve 
design, notably the fragmentation of the natural vegetation. 
This rules out reserves which are large in area, thus rendering 
the SLOSS debate inapplicable. In addition the priority areas 
themselves are localized areas and relatively small in extent 
(generally <5km2). Thus, as this thesis is concerned primarily 
with the conservation of a single or few species and their 
associated ecosystem, the minimum viable population is, in 
theory at least, an effective tool in the conservation of the 
priority areas. 
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·Thus, population dynamics data ·of the threatened plant taxa or 
the "key" species in the associated ecosystem, are required to 
ensure that the areas conserved are sufficiently large enough to 
contain minimum viable populations of these taxa. However, 
rather than wait for the necessary ex per i mental work to be 
conducted, conservation plans should be implemented as soon as 
possible, to improve the conservation status of as many of the 
high priority areas as possible (see section 5.3.3.1). 
Therefore, a network of reserves should be formed to conserve 
the priority areas. B. Bayer of the Worcester Veld Reserve 
(pers. comm.) suggested that areas of 5-10ha would be sufficient 
to conserve· the clusters of threatened plant taxa, as many of 
these threatened plant taxa occur naturally in very localized 
patches (Hilton-Taylor 1989, personal observations). However, as 
the conservation priority areas (especially in the first 5 
priority areas) identified cover on average an area of Skm2 
(Fig. 5.3, personal observations) the author feels that 5-10ha 
would be insufficient and an area near 5km2 would be more 
rea11'st1c. In the areas containing only one threatened taxa, a 
·sma·ller area could be conserved. The size of the area, as many 
of these l oca 11 zed species occur on remnant vegetat 1 on patches 
for example Ixia co11ina and Ixia pumi71o, would be dictated by 
the extent of remnant patch on which the taxa is surviving at 
present. As suggested by Bayer (pers. comm.) 5-10ha would 
perhaps be sufficient in the above cases. The work of Brown 
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( 1988b) supports the case for a network of sma 11 reserves. She 
suggested a system of numerous reserves in close proximity to 
one another would be appropriate for the conservation of rare 
and endangered Proteaceae. These reserves cou 1 d be managed by a 
central body, e.g. Karee Botanical Gardens. Alternatively, 
private landowners could be persuaded to conserve as is 
highlighted in the fol lowing case studies. 
5.3.3.3 Case Studies 
(i) Case Study 1: Brandvlei Dam Region 
The vicinity of Brandvlei Dam is put forward as the area with 
the highest conservation priority (Table 5.4 & Fig. 5.4). Steps 
should be taken initially to alert landowners to the rarity of 
the vegetation on thei~ properties. This area is threatened by 
,alien infestations and potential agricultural expansion. 
The only existing conservation area in the vicinity is the 
Quaggasberg Private Nature Reserve to the east of the Dam. This 
area conserves only a small number of threatened plan~ taxa 
(only positive Red Data plant collection in the reserve is that 
of Gladiolus virescens var. roseo-venosus, B. Bayer pers. comm.) 
and includes a minimal area of the apparently unique lowlying 
community. It is hoped that this area will be effectively 
conserved in the future as it is to form a part of a 
recreational centre (Section 5.1.1). 
The area to the west and south of th~ Brandvlei and Kwaggaskloof 
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is not used intensively at present and it i,s likely that the 
Department of Prisons could be persuaded to conserve it. Apart 
· from a new prison planned at Kweekkraa l, the area is likely to 
remain free of related developments. Kweekkraal is the type 
locality for Gladiolus virescens var. roseo-venosus (rarity 
status: Indeterminate). The landscape consultants evaluating the 
development have expressed a positive concern in preserving the· 
natural vegetation. It hoped, therefore, that the prison and 
associated buildings will be constructed either on previously 
ploughed lands or on vegetation not including th~ threatened 
.wind-blown sand habitats where this "intermediate" taxa may 
st i 11 occur. 
(ii) Case Study g: Worcester Municipality 
The Red Data taxa recorded irt the Worcester municipality are 
under threat from urban development. Certain of these species, 
e.g. , Moraea worcesterens is may a 1 ready be ext i net as a result of 
recent urban development. 
The municipality·, however, does intend to set aside the area 
to conserve the endangered Polhillia waltersii (see section 
5.3.2). This is a good case study example of how ,effective 
communication may he 1 p to persuade dee is ion-make rs in the 1oca1 
authority to conserve. Monitoring is desirable to ensure that 
the area is in fact adaquately conserved. 
(iii) Case Study ~: Areas containing a single threatened species 
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which is restricted to that locality, e.g. Ixia co77ina. 
Various ideas introduced in the previous case studies show that 
an important conservation strategy is persuading private 
landowners or decision-makers to conserve. McDowell et al. 
(1989) note that farmers have a vital influence on the continued 
existence of many key ecosystems. In certain a re as in the 
Robertson Karoo there are threatened plant taxa restricted to a 
single locality (Table 5.4, Priority areas H), usually to a 
small area on a private farm. With appropriate communication and 
incant i ves, landowners may be persuaded to conserve the habitats 
supporting these localized populations of threatened taxa. 
(iv) Case Study .4_: Vrolijkheid Nature Reserve 
This case study examines the rationale for enlarging 
Vrolijkheid. At present plans to enlarge Vrolijkheid have been 
passed by the CDNEC (Q. Hahndick pers. comm.). The reserve is to 
be expanded to the north and north-east into the state-owned 
land of Elandsberg presently not utilized. The state aim is to 
increase the size of Vrolijkheid to support and maintai.n viable 
populations of endangered mammals. A small area of river flats 
may possibly be included in the extension, but apart from that, 
no ri~w habitats or unique features will be acquired with the 
extension. The enlarging of Vrolijkheid must be encouraged as 
the conservation of any part of the unique Robertson Karoo is 
important. However, it is a serious problem that other areas of 
greater conservation priority, at least as far as threatened 
plants are concerned, have apparently been ignored. 
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5.4 CONCLUSIONS 
The majority of the 61 threatened pl ant taxa in the Robertson 
Karoo occur. to the west of the area in an ecotone from Karoo to 
Fynbos. In addition a large percentage of the taxa (50%) appear 
to be confined to areas of high agricultural threat. Alien 
infestations (along the banks of the Breede River and in the 
vicinity of Brandvlei Dam), mining and urbanization (in the 
. vicinity of Worcester) threaten 25% of Red Data taxa. 
Conservation strategies for homogenous stands of Karro id Broken 
Veld and for mammals appear to have been over-emphasized, e.g. 
Vro l i j khe id Na tu re Reserve, where as incidence of threatened 
plants/vegetation communities have been, for the most pa rt, 
ignored. This is evidenced by the fact that 89% of the 
threatened pl ant tax a do not occur in the existing reserves. 
Conserving the first five priority areas would protect 36% of 
the threatened plant taxa, in addition to those taxa already 
conserved in the existing reserves. If an additional three 
priority areas (Priority Area F & H) with the four areas 
(Priority Area H) containing an "endangered" or rare" taxon 
were conserved, this would improve the conservation status of 
the Robertson Karoo by conserving 63% of the 61 threatened plant 
taxa. This is a realistic starting point to saving the 
threatened taxa and their associated endangered habitats. 
An important strategy in conserving the above priority areas is 
the involvement of private landowners and decision-makers in 
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firstly, alerting them to the rarity of the vegetation and 
secondly, persuading them to conserve. 
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APPENDIX 1 
Threatened plant taxa of the Robertson Karoo 
1 Ophiog7ossum nudicau7e L.F. Rare 
Geophytic fern which grows under shrubs in transitional zones 
between renosterveld and karroid broken veld (CH). This species 
appears to be widespread, however J. Vlok advised that it should 
be placed on the Red data list (C. Hilton-Taylor pers. comm.i. 
2 Haemanthus sanguineus Jacq. (pink) Rare 
H. sanguineus is a common species; however the variety with pink 
flowers is endemic to Worcester area (P. Perry pers. comm.). 
3 Nerine cf pudica Hooker f. (Nerine sp. nov.) Uncertain 
Although the identification of this species is uncertain, P. 
Perry (pers. comm.) regards it as "rare". 
5 Haworthia marginata (Lam.) Stearn Endangered 
This South Coast Renosterveld species has been both severely 
overcollected, as well as eradicated by agricultural expansion 
and is now confined -largely to isolated remnants main]y on rocky 
hills (Bayer 1982). 
6 Haworthia mutica Haw. Vulnerable 
This species is known only from 2 localities, south of 
Swellendam and Drew, which both occur within relatively 
intensively farmed areas. It survives today on rocky shale 
ridges (Bayer 1982). 
7 Haworthia poe7nitziana Uitew. Endangered 
This species grows on old river gravels (Bayer 1982). 
8 Haworthia pubescens Bayer Vulner-able 
The distribution of this species is extremely limited, occuring 
on only low quartzitic ridges (Bayer 1982). 
12 Lachena7ia moni7iformis W.F. Barker Rare 
At present known only from its type local 1ty in the Worcester 
District (Duncan 1988). 
13 Lachena7ia physocau7os w. F. Baker Rare 
Occurs in the Robertson and swellendam districts in sandy ground 
(Duncan 1988). 
14 Neopatersonia uitenhagensis Schonl. Rare 
The habitat of this species is very localized. At Buitenstekloof 
it occurs on a dolomite ridge (B. Bayer pars. comm.). 
16 Geissorhiza geminata E. Meyer ex Baker Uncertain 
G. geminata is a semi-aquatic species, typically found in 
seasonally marshy areas. It occurs in both the Worcester and· 
Ceres districts and north into the Cold Bokkeveld (Goldblatt 
1985). The associated habitat of this species, especially in the 
Worcester area, is, threatened by agricultural expansion and 
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alien infestations. 
17 Gladiolus virescens Thunb. var. roseo-venosus Lewis 
Indeterminate 
This taxa, which is endemic to the Worcester area, occurs on 
sandy or clay flats (Bond & Goldblatt 1984). 
18 Ixia campanulata Houtt. Indeterminate 
This spectes inhabits sandy lower slopes from Tulbagh to 
Worcester (Bond & Goldblatt 1984). 
19 Ixia co17ina Goldbl. & Snijman Rare 
This species is endemic to the Worcester area where it grows on 
moister south facing slopes of Karroid hills in the Breede River 
valley (Goldblatt & Snijman 1984). 
20 Ixia pumi7io Goldbl. & Snijman Rare 
As far as it is known, this species is restricted to the Reiers 
Rus farm, where it grows in deep alluvial sand along the Breede 
River (Goldblatt & Snijman 1984). 
21 Ixia vanzy7iae L. Bolus Rare 
Although this species has been collected from 3 localities, only 
one of them is known. It grows mainly on clay flats (C. Hilton-
Taylor pers. comm.). 
22 Ixia sp. nov. Uncertain 
This species was collected in 1962 by F.J. Stayner (manuscript 
name = mosterti i De Vos n. sp., National Botanic Gardens 
86.906). As there are no additional records, this species is 
endangered or perhaps already extinct (C. Hilton-Taylor pers. 
comm.). 
23 Lapeirousia p7icata (Jacq.) Oiels subsp effurcata 
(Lewis ) Goldbl. Uncertain 
This species occurs on dry flats in the Little Karoo and the 
Worcester-Robertson area. It has not been frequent 1 y co 11 ected 
but this may a result of its small stature rather than its 
rarity (Goldblatt 1972). 
24 Noraea worcesterensis Goldbl. Endangered 
Thia species, which occurs on rocky flats, may be extinct at the 
locality West of Worcester (B. Bayer, P. Perry & J., Forrester 
pers. comm.). 
26. Ceropegia connivens R.A. Oyer Uncertain 
This species appears to be restricted to the grid reference 3319 
(Worcester, O.A. Oyer 1979). 
27 Ceropegia occu7ta R. A. Oyer Rare 
Oyer (1980) noted that this species had only been found in the 
vicinity of Tweefontein. However, C. McDowell (pers. comm.) 
found it occuring at Buitenstekloof, Robertson. It occurs under 
karroid shrublets (Dyer 1983). 
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The above Ceropegia spp are small in stature and hence difficult 
to find resulting in their distribution perhaps to be a function 
of under-collection (C. McDowell pers. comm.). 
29 Stapelia scitula Leach. Rare 
This species occurs on localized dolomite outcrops (P. Bruyns 
pers. comm.). 
30 Stapeliopsis breviloba (R.A. Dyer) Bruyns Uncertain 
It habitats the karroid areas of Worcester and Robertson (Bond & 
Goldblatt 1984) where it appears to be endemic, although it may 
occur as far E as Swellendam. The rarity status of this species 
is difficult to gauge, as it is difficult to find (P. Bruyns 
pars.comm.). 
32 Senecio rehmannii Bolus Uncertain 
Although little is known about this species, its riverine 
habitat (Bond & Goldblatt 1984) is threatened by alien 
infestations and agricultural expansion. 
34 Crassula sp. nov. Uncertain 
This species appears to be a failry common Worcester-Robertson 
endemic (P. Bruyns pers. comm.). 
35 Grisebachia rigida N.E. Br. Vulnerable· 
This species which is endemic to Worcester area grows on sandy 
flats (Bond & Goldblatt 1984, Hall et al. 1980). 
36 Aspalathus burche17iana Benth. Vulnerable 
This species is probably restricted to lowland clayey hills in 
the Swellendam and Robertson Divisions (renosterveld-fynbos 
transition) and hence· is threatened by agricultural expansion 
(Dahlgren 1988). 
37 Aspalathus macrocarpa Ecklon & Zeyher Uncertain 
This species has been collected only from 2 localities,. where it 
grows in slightly clayey soil on steep fynbos slopes (Dahlgren 
1988). 
38 Po7hi11ia wa7tersii (Stirton) Stirton ined. Vulnerable 
This species has only been collected within the Worcester 
municipality. It is hoped that it will be conserved in a future 
· municpal nature reserve. 
'40, 41, 42 & 43 Drosanthemum sp. 
Drosanthemum has not as yet been revised and little is known 
about this genus. The above species were mentioned by 
researchers in the area (B. Bayer, P. Perry pers. comm.), as 
being threatened although their exact IUCN status is unknown (E. 
van Jaarsveld pars.comm.). 
44 Gibbaeum esterhuyseniae L. Bolus Extinct? 
This species which appears to be extinct, occurs on white 
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quartzite patches in a triangular area bounded by MacGregor, 
Bonnievale and Stormsvlei (Glen 1974). 
47 Lampranthus vanzij7iae (L. Bolus) N.E. Br. Endangered 
Endemic to the area, this endangered species occurs on sandy 
ground. It may even be extinct (B. Bayer pers. comm.). There is 
some confusion as Bond & Goldblatt (1984) gave a wide 
distribution for this species ("Clanwilliam to Darling, 
Worcester, Caledon"). 
50 Oxa7is dregei Sander Rare 
This species occurs in marshes, streams or seeps (Bond & 
Goldblatt 1984). 
51 Oxalis natans L.f. Rare 
This Aquatic geophyte occurs in stagnant pools, Piketberg, 
Peninsula, Worcester (Bond & Goldblatt 1984). 
53 Leucadendron chamelaea (Lam.) I.J. Williams Endangered 
This species, which occurs on flat alluvial ground in the Ceres 
and Worcester districts (Bond & Goldblatt 1984) in renosterveld, 
is severely threatened by agricultural expansion. 
54 Leucadendron flexuosum I.J. Williams Endangered 
This species occured in Hartebeesrivier Nature Reserve, which 
has been deproclaimed for the new national road bypass. However, 
steps to proclaim another tortoise reserve in the vicinity might 
·result in the conservation of this species. It is common locally 
on alluvial flats west of Worcester (E. van Jaarsveld pers. 
comm.). 
56 Protea restionifolia (Salisb. ex J. Knight) Ryer. Vulnerable 
Occurs on dry mountain renosterveld (especially common on 
ecotones between fynbos and karrooid shrub), Caledon and 
Worcester. Although it is locally common this species is poorly 
known (J. Rourke pars. comm.). 
58 Agathosma stipitata Pill. Uncertain 
This species has a limited distribution and occurs on lower 
north facing slopes (c1000-3000ft), Riversonderend Mountains, 
Brandvlei Berg (A. Bean pers. comm.). 
59 Euchaetis pungens (Bartling & Wendl.) I.J. Williams 
Uncertain 
This species grows on pure wind blown sandy ground at low 
altitudes (c 800ft) and thus are likely to be threatened (A. 
Bean pars.comm.). 
51 Sutera cepha7otes Kuntze Uncertain 
The identification of this species collected from the locality, 
Brandvlei hills, may be incorrect (0. Snijman pers. comm.). This 
species has not been revised and little is known about it. 
** It is worth briefly mentioning a threatened plant taxa which 
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occur just outside the study area and thus was omitted from this 
project: Erepsia vi71iersii occurs on the Rooihoogte Pass (grid 
reference = 3319CD). This species is apparently limited to one 
locality and may even be extinct (C. Hilton-Taylor pers. comm.). 
It is vitally important to ascertain if this species still 
exists. 
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CHAPTER 6: CONCLUSIONS 
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6.1 SPECIFIC CONCLUSIONS 
To assess the success of this thesis in achieving its aim, it is 
necessary to review the conclusions: 
1) The Robertson Karoo environment has had a long history (20 
000 years) of human impact. There are no reliable records of 
the vegetation before the 18th century. 
2) Ev i dance indicates that the vegetation of the early col on i al 
period was dominated, as it is today, by karroid chamaephytes 
with a low percentage of grass cover. There is no evidence as to 
whether the species composition has changed to any great extent 
since the time of arrival of the European settlers. Contemporary 
studies and personal observations do, however, show extensive 
soil erosion with much of the topsoil having been lost. When and 
how these changes, and the possible undocumented changes in the 
environment before the 18th century, took place cannot be 
established. The anthropogenic impacts of both the Khoi and the 
European settlers appear to have played a significant role in 
vegetation change. Climate undoubtedly also played a role. 
3) In early colonial times, the karoo vegetation of the Middle 
Breede River Valley was surrounded by less xeric grassy 
vegetation on the foothills of the mountains and in the plains 
to the east of the study area. In these regions there has been a 
shift in dominance away from grassland to renosterbos 
(E7ytropappus rhinocerotis) scrubland. It appears that this 
change in the vegetation, as has been documented in the 
literature (Cowling et al. 1986), is the result of more 
intensive and sustained grazing by domestic stock, especially 
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during post-fire periods. 
4) Until the 18th the Breede River itself was flanked by a wide, 
grassy floodplain. This has been greatly reduced today through 
irrigation practices and the establishment of dams which now 
control the river's flood waters. 
5) The greatest impact of the European settlers has been the 
reduction in the extent of the remaining vegetation as a result 
of agricultural expansion and urbanization. 
6) Between 1942 and 1987 the natural vegetation of the Robertson 
Karoo decreased on average by o. 7% per annum of the total study 
area. By 1987, 34% of the natural vegetation in the region had 
been c 1 eared. 
7) The major threat to the natura 1 vegetation of the Robertson 
Karoo is agricultural expansion. This factor is often 
irreversible. 
8) The major agricultural product of the Worcester-Robertson 
valley is wine grapes. This crop and the majority of 0th.er 
· p~oducts produced in the Robertson Karoo are grown under 
irrigation owing to the arid nature of the region. Thus 
agricultural expansion is limited by the availability of water 
for 1rrigation. 
9) Livestock farming in the Worcester-Robertson area is a minor 
source of income (between 6-7% of the total annual income). In 
addition, the majority of the livestock are grazed on planted 
pastures and/or given additional food. The natural vegetation is 
under-utilized. When livestock are grazed on the natural 
vegetation, farmers are usually unconcerned with the carrying 
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capacity of the vegetation or veld improvement programmes. 
10) Alien infestations are severe only along the rivers and in 
the vicinity of Brandvlei Dam. 
11) Veld burning practices are not an important feature in most 
of the Robertson Karoo. 
12) Urbanization is an important localized threat. Results show 
that the extent of the largest town, Worcester, has doub lad in 
size since 1954. Another threat is mining and there are 
already two extensive quarries in the valley. 
13) The following areas are immediately threatened, namely: 
a) The low-lying vegetation surrounding Worcester .. 
b) The remaining areas of high agricultural threat. 
c) Low-lying river flats threatened by alien 
vegetation. 
d) Communities growing on a substrate, e.g. dolomite, 
which has the economic potential to be mined. 
14) Agricultural threat indices calculated in 275 units of the 
study area correlate significantly (rs(2) = 0.6; P<0.001) with 
the pattern of previous clearance of the natural vegetation, 
indicating that these indices are of value in predicting the 
likelihood of future agricultural expansion.· However, it appears 
that other factors also come into play when assessing the 
potential agricultural threat of an area, the most important 
being distance from the rivers, a source of irrigation water. 
15) No absolute prediction for the agricultural expansion in a 
particular area is possible, because the human factor is 
indeterminable and may override all other parameters. 
16) There are 61 threatened plant taxa in the study area and 43 
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taxa which are endemic to the valley. More than 50% of the 
threatened tax a are 1 ocated west of the 1 ong i tude 1; ne 19030' E 
in a community which is transitional from Karoo through 
Renosterveld to Fynbos. In addition it was found that only 25% 
of the taxa occur in true Karroid Broken Veld. 
17) At present 2.39% of the Robertson Karoo (3.62% of the 
remaining vegetation) is conserved, but most of the unique and 
threatened habitats do not occur in these conserved areas. In 
fact, only 11.5% of the threatened plant species are conser.ved 
in existing reserves. In the past, conservation strategies for 
homogeneous stands of Karroid Broken Veld and for mammals have 
been over-emphasized, as is the case in Vrolijkheid Nature 
Reserve, whereas the incidence of threatened plant taxa and 
vegetation communities have been ignored. 
18) Urgent attention is required to save many of the threatened 
taxa and endangered habitats before they disappear. It would be 
realistic aim to conserve at least the first five priority 
areas, i.e. Brandvlei Dam Region, the Breede River floodplain, 
Buitenstek·loof, Haumansberg and Nekkies hills (see Fig. 5.3). 
This would conserve 36% (in addition to the 11.5% already 
conserved in existing reserves) of the threatened plant taxa 
and their associated ecosystems. If an additional three 
priority areas (Priority Area F & H) with the four areas 
(Priority Area H) containing the only location of an 
"endangered" or "rare" taxon were conserved, this would increase 
the over a 11 percentage of threatened tax a, conserved ·in the 
Robertson Karoo, to 63% (Fig. 5.5). 
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18) Landowners could play an vital role in conserving the 
priority areas. Whilst it has been acknowledged that large-scale 
agriculturaJ expansion is unlikely in the near future (Chapter 
3), it is time to initiate urgent steps to conserve those 
priority areas threatened by agricultural expansion. Reluctance 
to take action now may lead to failure in the future, as 
landowners are more willing to support conservation efforts 
whi 1st pressure on these areas is low than when the demand for 
them increases. Once established, conservation areas are, 
hopefully, less easily deproclaimed. This also applies to areas, 
e.g. the Nekkies Hills, which have at present a low potential 
utilization. 
19) It is suggested that a network of reserves should be formed 
to conserve the priority areas. It is likely that 5km2 would be 
sufficient to conserve the larger priority areas (i.e. Priority 
Areas A-F). The remaining localized priority areas could, 
perhaps, be conserved in smaller areas such as 0.05-0.1km2, a 
figure suggested by B. Bayer (pers. comm.). 
6. 2 CONCLUDING REMARKS 
The Robertson Karoo is an interesting region botanically, 
agriculturally and industrially. Much of the vegetation is 
ecotonal, the valley supports varied agricultural activi~ies, 
and also has a high potential for industrial expansion in the 
1 ong term. 
Recent env i ronmenta 1 transformat i ans over the 1 ast 100 years, 
especially agricultural expansions, have had a great impact on 
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the natura 1 vegetation of the Robertson Karoo. This has been 
highlighted by the decrease in the extent of natural vegetation 
coupled with the change in land use patterns in the seven 
representative areas. Unfortunately, a downfall of the study 
here, perhaps, was the subjective way. in which the areas were 
chosen. A statistical approach would have randomized the choice 
of the subjects, enabling the data to be statistically 
analysed. This would have lent greater weight to predicting 
future agricultural trends. 
The project does, however, provide a comparative prediction of 
the differing likelihoods of agricultural clearance for various 
physiographic units covering the entire study area. The 
resultant map (Fig. 4.6) is of considerable use to conservation 
planners. This complements the information on the future 
transformations gained from Chapter 3. By some standards one 
short-coming of the map (Fig. 5.6) is that it is restricted to a 
I ·-
small scale (1:250 000). However, as the Robertson Karoo covers 
a considerable area, 2332km2, it would be unrealistic, given the 
standard of available data, to produce a larger scale map (i.e. 
the area covers nine 1:50 000 topographic maps). The inclusion 
of greater detail would provide for a less holistic 
interpretation of the whole area for the_ conservation planner. 
Ultimately the project has identified threatened areas of 
conservation value which should be urgently protected to avoid 
species extinction and the disappearance of associated rare 
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and/or threatened habitats. The most pressing future research 
is to assess in greater detail the proposed conservation areas 
and to act accordingly. The value of conserving these localized 
habitats could be questioned within the larger context of the 
ozone depletion and the possible global warming that is at 
present being experienced. The effects of future climatic 
changes, however, cannot realistically be quantified. Thus 
whether the many localized communities characterizing the 
Robertson Karoo study area will survive them, cannot be 
accurately determined. It must, therefore, still remain an issue 
of prime importance to take steps to ensure their conservation 
now. 
This project has also collated a huge data base on the Robertson 
Karoo environment. This is in the form of maps depicting the 
geology, soil, precipitation, slope gradient, areas of 
agricultural threat, location of threatened plant taxa and areas 
of high priority conservation. It is hoped. that these maps wi 11 
in the future be transferred onto a Geographic Information 
System ( GIS). The data on such a system can be retrieved at 
will, transformed, reassessed and d1splayed. This will allow 
planners and decision-makers to explore a range of possible 
scenarios and to obtain an idea of the con sequences of a 
particular event. This will be a useful tool in aiding the 
conservation and management in the Robertson Karoo. 
This project i1 lustrates the vital importance of the human 
factor, firstly as the initiator of the threats to the natural 
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vegetation and secondly in its role in protecting and conserving 
the natural vegetation. The dominant vegetation (Karroid Broken 
Veld) of the Robertson Karoo, especially since a large 
proportion of it is· conserved in Vrolijkheid Nature Reserve, is 
,not -in danger of disappearing in the near future. In the past 
conservation strategies have over-emphasized the conservation of 
large patches of homogenous vegetation stands and the 
conservation of mammals. The specialized threatened habitats 
types within the Broken Karroid Veld, e.g. the dolomite and 
quartzite outcrops, the ecotonal and the sandy low-lying 
habitats especially in the vicinity of Brandvlei Dam have been 
·completely ignored in practice by conservation decision-makers. 
Attention should be immediately focused on these localized 
~reas, most of which contain threatened plants and unique 
communities in danger of extinction owing to oversights in 
previous conservation planning. 
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